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ABSTRACT
The a n a ly s is  of t i n  in  both  o x id a tio n  s ta te s  has been s tu d ied  by 
various methods. In  the p resen t work, the  EDTA method of Dubsky has been 
m odified and ap p lied  to  the de term ina tion  of t i n  in  t i n ( l l )  c h lo rid e  so lu tion ,, 
The r e s u l ts  ob tained  are  s a t is f a c to ry  in  comparison w ith  those ob tained  from 
the standard  iodom etric method and the ex ten t of in te rfe re n c e  by v arious 
ions has been s tu d ied .
A m odified Kinnunen and W ennerstrand EDTA back t i t r a t i o n  has been 
devised fo r  the determ ination  of t in ( iv ) j ,  The r e s u l t s  ob tained  from th i s  
method d i f f e r  from those obtained  by the  iodom etric method only w ith in  
experim ental e r ro r .  The determ ination  of t in ( iv )  in  the  presence of some 
in te r f e r in g  anions and c a tio n s  has been in v e s tig a te d .
The sep a ra tio n  o f t in ( iv )  from c e r ta in  in te r f e r in g  ions namely, 
antim ony(v), c o p p e r ( l l ) ,  i r o n ( l l ) ,  n i c k e l ( l l ) ,  c o b a l t ( l l ) ,  manganese( I I ) ,  
aluminium, a rs e n ic (v ) , b ism u th ( lll)  and z in c , u sing  an anion-exchange 
column technique has been s tu d ie d . A fte r e lu tio n , EDTA t i t r a t i o n  methods 
have been employed fo r  th e  determ ination  of th ese  elem ents in  th e  e lu a te s ,  
except in  the  case of a rse n ic (v )  and antimony(v) where th e  iodom etric method 
has been used. R esu lts  obtained  show th a t  t i n  can be sep ara ted  com pletely 
from the  above mentioned elem ents. The EDTA t i t r a t i o n  method fo r  t in ( iv )  
described  above can then  be used fo r  the determ ina tion  of t i n  in  the  e lu a te .
Procedures fo r  the  determ ina tion  of t i n  in  i t s  a llo y s  and co n cen tra tes  
based on the fo regoing  observations are  described .
( iv )
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GENERAL INTRODUCTION
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In tro d u c tio n
Except as a c o n s titu e n t of bronze, t i n  does no t appear to  have 
been used ex ten s iv e ly  in  e a r ly  times* One of th e  e a r l i e r  o b jec ts  made 
of t i n  rep o rted  in  a rch aeo lo g ica l l i t e r a t u r e  i s  a p ilg rim  b o t t le  from 
Abydos [ i ] .  This b o t t le  i s  E ig h teen th  Dynasty Egyptian (1580 to  
1350 B*G*) and i s  now in  the  Ashmolean Museum in  Oxford, England* A 
recen t spectrographic  a n a ly s is  confirm s th a t  th e  b o t t l e  m etal i s  t i n  
and i t s  main im p u ritie s  a re  lead  6%, copper approxim ately 1$ , iro n  0«00Ofo 
and zinc 0*05$« As f a r  as l i t e r a r y  re fe ren ces  a re  concerned, t i n  i s  
mentioned e ig h t tim es in  Homer (n in th  cen tu ry  B .C .) and f iv e  tim es 
(somewhat l a t e r )  in  the  B ib le , Erom 700 B.G. onward, t i n  f o i l  was 
used in  the wrapping of mummies, and as e a r ly  as 150 B.G. t i n  was used 
f o r  coinage in  England [2 ],
Tin occurs n a tiv e  to  a very  l im ite d  e x te n t. I t  occurs as su lphide 
and ex ten s iv e ly  as oxide. I t  i s  found combined in  s i l i c i c  rocks such as 
g ra n ite ,  and, in  sm all amounts, in  f e ld s p a r ,  i lm e n ite , n io b a te s , t a n t a l a t e .  
The m ineral c a s s i t e r i t e  (stream  t i n ,  t i n  s to n e ) , Sn02 j i s  of commercial 
importance and i s  th e  c h ie f  source of t i n .  C a s s i te r i te  occurs in  two 
form s,one as ve ins (lo d e s) in  g ra n ite  o r g ra n ite  rooks and the o th e r  as  
p eb b les , g rav e l, o r sand derived  from th e  d is in te g ra t io n  of rocks b ea rin g  
v e in  ore and c a r r ie d  and deposited  by w ater. The m inera l s ta n n ite  
( t i n  p y r ite s )  i s  a complex su lp h id e , Cu2S. EeS. SnS2 and i s  of le s s  
im portance as a source. Tin a lso  occurs in  sm all amounts in  Columbite,
(Ee,Mn)(Nb,Ta)20g5 E e rb e r i te ,  EeWO !^ S im psonite, Alg^agOgl T a p io li te ,  
EeTa20g| W olfram ite, (Ee,Mn)(W0^) and Y t t r o t a n t a l i t e , (Ee,Y,U,Ca) 
(U b,Ta,Zr,Sn)o^.
The S t a t i s t i c a l  B u lle tin  of the  In te rn a t io n a l  Tin Council [3] 
l i s t s  the 1964 t o t a l  of world p roduction  of t i n  co n cen tra tes  as being 
147*100 (long) tons made up as fo llow s: M alaysia, 60*004| B o liv ia , 24*199!
Indonesia , 16,345* T hailand , 15*597! N ig eria  (F e d e ra tio n ) , 8,721$ Congo 
(Dem. R ep .), 6,492$ A u s tra l ia ,  3*548$ U nited Kingdom, 1,226$ Mexico, 
1,206$ B ra z il ,  1,000 and o th e rs , 8,800.
The most im portant a p p lic a tio n  of t i n  i s  as a co a tin g  f o r  s te e l  
in  the manufacture of numerous a r t i c l e s  f o r  in d u s t r ia l  and domestic u se . 
Thus, t i n  p la te  i s  used in  t i n  cans, and the re s u l t in g  scrap i s  detinned  
and serves as a secondary source of t i n .  This t i n ,  i f  f in a l l y  p u r if ie d  by 
e le c tro ly s is  r a th e r  than  by sm elting , i s  e s p e c ia lly  pure (9 9 *98+ $  t in )  
and i s  o ften  converted  in to  pure t i n  chem icals. Block t i n  p ipes a re  
sometimes used f o r  conveying d i s t i l l e d  w a te r, t i n  f o i l  f o r  wrapping 
m a te r ia l. Another im portan t o u t le t  of t i n  i s  as an a llo y in g  element w ith  
a wide v a r ie ty  of o th e r m e ta ls , e . g . ,  copper, z in c , le a d , n ic k e l ,  cadmium, 
antimony, e t c . ,  e i th e r  s in g ly  o r in  v a rio u s  com binations, th u s , th e re  a re  
a number of t i n  a llo y s  such as  aluminium so ld e r (69«86$ Sn, 8~26$ Zn,
2 .4 -9$  A l, 0-5$ Cd, 0 .2 5 -2 .4 $  P)* b r i t t a n i a  m etal (85-90$ Sn, 5-10$ Sb,
1-3$ Cu, 0-3$ Zn, 0-2$ B i) ,  a n t i f r i c t i o n  (75$ Sn, 12 .5$  Sb, 12 .5$  Cu),
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pew ter ( 86$  Sn, 6 . 8$  Cu, 6$  B i, 1*7$ Sb), b a b b it t  m etal (89% Sn, 7*3% Sb,
3*7% Cu), white m etal (82% Sn, 12/oSb* ^ C u ) ,  type m etal (58$ Pb, 26$ Sn,
15$ Sb, 1$ Cu), so ld e r  (50$ Sn, 50$ P b), gun m etal (10$ Sn, 90$ Cu) and
phosphor bronze (10$ Sn, 79*7$ Cu, 9*5$ Sb, 0*8$  P ).
M eta llic  t i n  and most organic and ino rgan ic  t i n  compounds a re  
r e la t iv e ly  non tox ic , a lthough  some o rgano tin  compounds are  toxic* Tin 
i s  found in  tra c e s  in  most foods and in  la rg e r  amounts in  canned foods*
The le g a l l im it  of t i n  in  foods has been s e t  a t  300 p.p.m* in  the  U nited  
S ta te s  and 285 p .p .m . in  the U nited Kingdom p*-] •
P ro p e rtie s
Tin has 10 n a tu ra l ly  occu rring  iso to p es  [5] namely those of mass 
numbers 120, 118, 116 , 119, H 7 ,  124, 122 , 112 , 114, and 115 ,w h ils t  those 
of mass numbers 108 , 111 , 113 , 117 ,  119 , 121 , 123 , and 125 have been 
prepared  a r t i f i c i a l l y .  The element e x is ts  in  two a l lo tro p io  m o d ific a tio n s , 
w hite t i n  (f3) and gray t i n  ( a ) .  White t i n  (d e n s ity  7*286) c r y s ta l l i s e s  
in  the  body~centered te tra g o n a l system , and gray t i n  (deamsity 5 *770) in  
the cubic system [6 ] .  Tin a t  i t s  m elting  p o in t (231 .9°C*) has a d e n s ity  
of 6*98* I t s  b o ilin g  p o in t i s  2270°C. The (3 a  t r a n s i t io n  tem perature 
i s  13.2°C.
Tin has a s ilv e ry  w hite co lou r w ith  a b lu is h  t in g e . I t  has a high 
l ig h t  r e f l e c t i v i t y ,  e s p e c ia lly  when h igh ly  p o lish ed . The m etal i s  norm ally 
covered w ith  a th in  in v is ib le  f ilm  of t i n  (XT) ox ide•
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Tin atomic number 50, atom ic weight 118.70, e x h ib its  ox ida tion  
s ta te s  of 2 and A. I t  i s  in  group I 7 of the p e rio d ic  c l a s s i f i c a t io n , has
an e le c tro n ic  ground s ta te  co n fig u ra tio n  I s 2 , 2s2 , 2§ , 3 s2 , 3p^, 3<d'-i*0 , ^-s2?
ID ? 2Ap , 4d , 5s , 5p and i s  a member of the  same subgroup as germanium and 
le a d .
S olu tions of t i n ( l l )  s a l t s  a re  strong  reducing agents and a re  
q u a n tita tiv e ly  ox id ised  in  a c id  so lu tio n  by iod ine  and io d a te  so lu tio n s . 
T in ( l l )  i s  a lso  ox id ised  to  t in ( lV )  by n i t r i c  a c id , n itro u s  a c id ,  su lphuric  
ac id  (h o t) ,  c h lo r in e , iro n ( I II ) ,d ic h ro m a te , permanganate, and p ersu lp h a te  
( in  excess hydroch loric  a c id ) .  Acid so lu tio n s  of t i n ( iv )  a re  reduced to  
t i n ( l l )  by iro n , n ic k e l, le a d , antimony, and hypophosphorous ac id . Both 
t in ( l \ r )  and t i n ( l l )  so lu tio n s  a re  reduced to  m e ta llic  t i n  by cadmium, z in c , 
aluminium, and magnesium.
Aqueous so lu tio n s  of t i n  in  e i th e r  ox id a tio n  s ta te  g e n e ra lly  hydrolyse 
upon ageing and upon heating  and th e  p re s e n c e  of f re e  a c id  i s  necessary  
■fco prevent th is  hydrolysis* T in ( l l )  so lu tio n s  a re  q u ite  u n s ta b le ; they  
a re  re a d ily  o x id ised  by a i r .
T in ( l l )  ch lo rid e  i s  so lub le  in  w ate r, a lc o h o l, g la c ia l  a c e t ic  a c id , 
and many organic so lv en ts . T in ( l l )  c h lo rid e  i s  an im portant reducing  ag en t. 
In  hydrochloric a c id  so lu tio n , i r o n ( m )  i s  reduced to  the  i r o n ( l l )  co n d itio n  
and th is  i s  the b a s is  of an a n a ly t ic a l  volum etric  procedure. A so lu tio n  
of m ercu ry (n ) ch lo rid e  re a c ts  w ith  t i n ( n )  c h lo r id e , form ing t i n ( l7 )
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ch lo rid e  and a p r e c ip i ta te  of m ercury(l) ch lo rid e  which i s  the b a s is  of an 
a n a ly t ic a l  in d ire c t  g rav im etric  procedure f o r  the  determ ina tion  of t i n .
T in ( l l )  ch lo ride  reduces heteropolym olybdic ac id s to  molybdenum blue 
which i s  used in  an in d ire c t  c o lo rim e tr ic  method f o r  th e  determ ination  
of t i n .
Anhydrous tin ( lV )  ch lo rid e  i s  a c o lo u rle ss  l iq u id  th a t  i s  so lub le  
in  w ater w ith  ev o lu tio n  of heat and m isc ib le  w ith  a lc o h o l, carbon te tra ch lo rid e , 
benzene, kerosene and o th e r organic so lv e n ts . I t  c r y s t a l l i s e s  from a c id  
so lu tio n  as SnCl^*5Hr>0# S o lu tions co n ta in in g  t i n ( iv )  ch lo rid e  should not 
be evaporated to  dryness o r concen tra ted  too f a r ,  s in ce  t i n  te t ra c h lo r id e  
i s  app rec iab ly  v o l a t i l e .
Although the ex is ten ce  of s o lid  n i t r a t e s  of t i n  i s  d o u b tfu l, 
so lu tio n s  of n i t r a te s  can be made and f re e  a c id  i s  re q u ire d  to  keep them 
in  solution? * A ll so lu tio n s  co n ta in in g  t i n  and n i t r i c  a c i d . d ep o sit 
m etastannic a c id  on s tan d in g , more ra p id ly  on hea ting  o r on d i lu t io n .
S olu tions of so lub le  phosphates p r e c ip i ta te  b o th  t i n ( l l )  and tin (lV ') 
from th e i r  d i lu te  a c id  s o lu tio n s . The p re c ip i ta te s  a re  in so lu b le  in  w ater, 
but so lub le  in  so lu tio n s  of e i th e r  hydroch loric  a c id  o r potassium  hydroxide.
D isso lu tio n
Tin may be brought in to  so lu tio n  w ith  hydroch loric  a c id . Pure t i n  
d isso lv es  slowly in  d i lu te  a c id  and more ra p id ly  in  hot co ncen tra ted  a c id .
The a d d itio n  of a small amount of antimony t r ic h lo r id e  g re a t ly  hastens
- 6 -
so lu tio n . S o lu tion  may be e f fe c te d  w ith  hydrobromio a c id  and bromine (4 :1 ) ;  
hot concen tra ted  su lphurio  a c id ,  aqua r e g ia ,  o r concen tra ted  hydrochloric 
ac id  p lus hydrogen peroxide (30%). N i t r ic  a c id  converts  t i n  in to  s tan n ic  
a c id . As a lread y  in d ic a te d , so lu tio n s  co n ta in in g  t i n ( iv )  c h lo rid e  or 
bromide should not be evaporated  to  d ryness, i f  lo s s  of t i n  i s  to  be avoided. 
V o la t i l is a t io n  occurs, p a r t ic u la r ly  when th e  a c id  so lu tio n s  a re  co n cen tra ted , 
and d i lu te  a c id  so lu tio n s  may be b o iled  w ithout lo s s  of t i n .  The a d d itio n  
of su lphuric  a c id  com pletely p reven ts v o l a t i l i s a t io n  of t i n  from 
hydrochloric a c id  so lu tio n s  even upon fuming [7 ]* (b u t no t from hydrobromio 
ac id  so lu tio n s ) .
; Most inorgan ic  t i n  compounds a re  r e a d ily  so lub le  in  d i lu te  or 
concentrated  hydrochloric a c id  or in  hot co n cen tra ted  su lp h u ric  a c id . 
Uncalcined tin(XV) oxide may be d isso lv ed  in  hot su lp h u ric  a c id . C alcined 
tin(XV) oxide may be fu sed  w ith  sulphur and sodium carbonate in  a p o rc e la in  
c ru c ib le , w ith  sodium hydroxide and sodium peroxide in  a n ic k e l o r iro n  
c ru c ib le , or w ith  anhydrous sodium carbonate in  a platinum  c ru c ib le  by 
using  3% above the th e o re t ic a l  amount req u ired  to  form sodium s ta n n a te , 
mixing w e ll, hea ting  to  a tem perature of 1200°C, and m ain tain ing  th a t  
tem perature fo r  1 hour.
Ores, s la g s , d ro ss , e tc .  may be decomposed by fu sio n  w ith  sodium 
peroxide alone [8 ] ,  o r w ith  a m ixture of sodium carbonate and sodium 
peroxide (1 :2 ) in  a n ick e l o r iro n  ci*ucible. The c ru c ib le  i s  covered and 
heated gen tly  a t  f i r s t ,  and then the  tem perature i s  c a u tio u s ly  in c reased
u n t i l  the  charge m elts and th e  c ru c ib le  has a tta in e d  a d u ll  red  co lour 
which i s  m aintained f o r  5 to  10 m inutes. Water i s  added to  the cooled 
m elt to  d isso lv e  i t  and the so lu tio n  i s  then  c a re fu l ly  a c id i f ie d  w ith
hydrochloric a c id .
M ateria ls  con ta in ing  sulphide o r a la rg e  amount of carbonaceous 
m ate ria l should be t r e a te d  w ith  n i t r i c  and su lphuric  a c id s ,  evaporated  
down to  fumes of su lphur t r io x id e ,  r e c r e a t e d  w ith  n i t r i c  a c id , fumed again  
and cooled. The a c id  m ixture i s  then  d ilu te d  w ith  w ate r, made ammoniacal, 
f i l t e r e d ,  and washed w ith  ammonium su lphate  so lu tio n . The p r e c ip i ta te  
i s  t ra n s fe r re d  to  a n ic k e l c ru c ib le , ig n i te d  a t  a  low tem perature under 
good o x id isin g  c o n d itio n s , and then  fu sed  as  above.
Organotin chem icals may be decomposed w ithout lo s s  of t i n  by u sin g  
a m ixture of fuming n i t r i c  a c id , su lp h u ric  a c id  and p e rc h lo ric  acid* The 
so lu tio n  i s  evaporated  to  fumes of su lphur t r io x id e  and i s  then  tw ice 
tre a te d  w ith  w ater and fumed to  e lim in a te  n i t r i c  a c id  [9]*
Methods of D etection
In  c la s s ic a l  q u a li ta t iv e  a n a ly s is ,  hydrogen su lph ide p r e c ip i ta te s  
t i n  from d ilu te  a c id  so lu tio n  as e i th e r  SnS, brownj o r SnS2> yellow ;  
according to  the o x ida tion  s ta te  of th e  t i n  ions in  th e  so lu tio n . The 
su lph ides are  so lub le  in  yellow  ammonium sulphide and e a s i ly  so lu b le  in  
concen tra ted  hydroch loric  a c id . The su lph ides w il l  no t be p r e c ip i ta te d  
i f  the  con cen tra tio n  of hydroch loric  a c id  exceeds 2 .5  M.
M ercury(ll) oh lo ride  so lu tio n  re a c ts  w ith  a so lu tio n  of t i n ( l l )  
ch lo ride  in  hydrochloric a c id  to  form tin ( lV )  ch lo rid e  and p r e c ip i ta te  
m ercuiy(l) c h lo rid e . I f  t i n  i s  p resen t as t in ( iv )  c h lo r id e , i t  should 
f i r s t  be reduced to  the t i n ( l l )  s ta te  by the  ad d itio n  of some iro n  powder, 
and then t i n  may be d e tec ted  by th e  a d d itio n  of the  m ercu ry (ll)  ch lo r id e .
T in ( l l )  so lu tio n s  r e a c t  w ith  ammonium molybdate to  give b lu e-co lo u red  
so lu tio n s  in  which molybdenum i s  p re sen t in  a low er o x id a tio n  s ta te .
Canancio [10] recommended the  ad d itio n  of th iooyanate  to  th e  molybdate in  
hydrochloric a c id  so lu tio n . A red  co lour i s  obtained  on the  ad d itio n  of 
t i n ( l l )  so lu tio n .
Many organic reagen ts  have been recommended f o r  the  d e te c tio n  of 
t i n ,  such as caco th e lin e  [11 ], dimethylglyoxime [12 ], q u in a liz a r in  [13] j  
hematoxylin [a] and d i th io l  [15], d i th io l  appears to  be b e t t e r  than the 
r e s t .  A ll of reag en ts  named, in c lu d in g  d i th io l ,  la c k  s e le c t iv i ty .  On 
the ad d itio n  of a few drops of d i th io l  reag en t to  an a c id  s o lu tio n  co n ta in in g  
t i n ,  a p ink or red  co lour i s  produced, when only 1 p a r t  of t i n  in  10 p a r ts  
of so lu tio n  i s  p re se n t. The co lour develops very  ra p id ly  w ith  t i n ( n )  
and sloY/ly w ith  t in ( lV ) .  The a d d itio n  of a sm all amount of th io g ly c o lic  
ac id  to  a so lu tio n  of t i n ( iv )  before  adding the  t h i o l ,  r e s u l t s  in  ra p id  
reduction  to  t i n ( l l ) .  D ith io l  re a c ts  w ith  s i lv e r ,  mercury, cadmium, le a d , 
antimony, a rse n ic  ( a l l  y e llo w ), copper n ic k e l ,  co b a lt (b la c k ) , bism uth ( re d ) ,  
iro n , molybdenum, e tc .  • I f  excess reag en t i s  u sed , only copper, bism uth 
and n ick e l a re  reported, to  cause se rio u s  in te r fe re n c e .
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D ith io l has been exmployed by Evans and Higgs in  spot t e s t s  
techniques f o r  the  d e te c tio n  of t i n  in  aluminium- and magnesium-base [1 6 ] ,  
zinc-base [17]. lead -base  [18] and copper-base [19 ] a l lo y s .
Tin may be d e tec ted  s e le c t iv e ly  by using  g ran u la r  zinc and 
concen tra ted  hydrochloric a c id  [20] by th e  so -c a lle d  chemiluminescence 
t e s t ,  b u t a lthough s e le c t iv e ,  i t  i s  no t p a r t ic u la r ly  s e n s i t iv e .
T in ( l l )  p re sen t a t  about 1 microgram q u a n ti t ie s  may be d e tec ted  
by fluo rescence using  the ammonium s a l t  of 6- n i t r o - 2-naphthylam ine-8-  
sulphonic a c id  [ 2 l] .  I t  has been found th a t  of 47 m e ta llic  ions te s te d ,  
only t i n ( l l )  f lu o re sced  under the co n d itio n s  employed*
Tin may a lso  be d e tec ted  by m icroscopic exam ination of th e  c o lo u r le s s , 
highly r e f r a c t iv e  o c tahed ra l c ry s ta ls  of rubidium ch lo ro stan n a te  obtained  
by the  re a c tio n  between rubidium ch lo rid e  and t in ( iv )  ch lo rid e  [22 , 23] .
Spectrographic techniques have been used fo r  the  d e te c tio n  of t i n  
in  m e ta ls , o re s , organic substances, e t c . ,  even when i t  i s  p re sen t in  tra c e  
amounts [24]* The u ltim a te  (RU) l in e s  [25] in  Angstrom, f o r  t i n  a re  as 
fo llow s: 3330.59 ( i l ) ;  3262.33 (IV)A; 3173.02 ( m ) |  3034.12 ( i n ) ;
3009.15 ( I ) ;  2863.33 (IV)A; 2839.99 (I7)A; 2706*51 ( i l l ) ;  2661.25 ( 0) ,
2546.55 ( i ) ;  2429.50 ( i l )  and 2354.85 ( i l ) • The l in e s  marked A a re  the
most s e n s itiv e  and a re  the  ones most commonly used f o r  th e  d e te c tio n  of 
t i n .  The f ig u re s  in  paren theses a f t e r  the w avelength numbers give the  
r e la t iv e  s e n s i t i v i t i e s ,  (iV) denoting th e  most s e n s i t iv e  RU l in e s  and (o ) 
the l e a s t  s e n s i t iv e .
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Outl in e  of Methods used in  the  D eterm ination of Tin
The methods which have "been used f o r  the  determ ination  of t i n  can 
be summarised as  fo llo w s:
(1 ) Gravim etric Method : This method involves the  p r e c ip i ta t io n  of
t i n  from a so lu tio n , A v a r ie ty  of p re c ip i ta n ts  have been used, f o r  
example, hydrogen su lp h id e , n i t r i c  a c id , ammonium hydroxide, and organic 
reagents such as cupferron  (ammonium s a l t  o f phenylnitrosohydm xylam ine) ,
BPBA (N~benzoyl«N~phenylhydroxylamine), o r phenylarsonio  a c id ,
(2 ) Iodom etric Method : This method involves th e  use of a s tandard  
so lu tio n  of iod ine  o r io d a te  f o r  th e  o x id a tiv e  t i t r a t i o n  of t i n ( n )  to  
t in ( iv )*  A number of o th e r reag en ts  have been proposed f o r  the  t i t r a t i o n
of t i n ,  f o r  example cerium su lp h a te , potassium  brom ate, potassium  permanganate, 
i r o n ( i n )  c h lo r id e , potassium  dichrom ate, chloram ine T, and sodium 
hypoch lo rite . However, none of th ese  appears to  have any marked 
advantage over th e  iod ine o r io d a te  re a g e n t,
(3) Chelatpm etrio T i t r a t io n  Method : In  th i s  method, a so lu tio n  of 
ethylenediam ine t e t r a a c e t ic  a c id  (EDTA) i s  added to  a s o lu tio n  which has 
been c a re fu lly  b u ffe red  to  a s e le c te d  pH and to  which a s u ita b le  
m etallochrom ic in d ic a to r  (pM in d ic a to r)  has been added. The t i t r a t i o n  of 
t i n ( l l )  o r tin ^ IV ) so lu tio n  may thus be achieved u sing  e i th e r  a d ir e c t  or 
an in d ire c t  t i t r a t i o n .  Methods f o r  th e  determ ination  of t i n  w ith  EDTA 
using  a v isu a l endpoint a re  summarised as shown in  Table I ,
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TABLE I
Methods f o r  the D eterm ination of Tin by EDTA usin g  a V isual Endooint
Cation
determined
.jr. -
Mode In d ic a to r
. i .
T it r a t io n
cond itions
End p o in t Ref o
+2
Sn D Methylthymol
Blue
p y rid in e  + OAc, 
pH 5 .5  -6  
[mask Sn(lV) 
w ith  F"]
b *4* y [W ] ;
B(Gu+2) D i-o -an is id in e  
N,N,N,N« te tra «  
a c e t ic  a c id  o r 
d i-o -phene- 
t id in e  analogue
pH>A «4 u .-v . f l .  
ceases.
[49]
B(Co+2) . Thiocyanate Nf^OAc [48]
Sn*k B(Zn+2) . Benzidine 
(F e ic , Feoo)
MH OAc,
p i r  5-6 ,5
c 4 v [45]
B(Zn+2) Dimethyl- 
nap h t h i dine 
(F e ic , Feoc)
MH OAc, 
PIT* 5-5 .5
o "4 * v [40]
[44]
B(Mg+2) Eriochrome 
. Black T
NIL, b u ffe r  
. pH 9
b & [41]
B(Zn+2) Fyrocatechol
V io le t
CO
OAc b u ffe r , 
pH 5 , 70-80 C.
y  b [43]
.
TABLE 1 (Continued)
Methods fo r  th e  D eterm ination of Tin by EDTA Using a  V isual Endpoint
Cation
determined
Mode
Sn+^  |B(Cu+2) Maphthyl' 
(continued) (azoxine S
indicator T i t r a t io n
co n d itio n s
End p o in t
I Add HOI + NaCl 
and a d ju s t 
pH to  5*5_____
*pi
iy
jB(Th+^ j Xylenol
o r pb*1*^ ) Orange
HC1 + NaCl,
M i L _______
NH OAc,
PET 2 , 5 - 3 . 5
|B(Fe+3) j Sulp ho salicy lic  
I ac id
| In d ir e c t
ffexamethylene* 
te tra m in e , 
pH 5-6
y  o r
y
OAc b u f fe r ,
................
|g “ y 4  y -  0
Form Sn(3V)~EDTA'j 
complex, n e u tra ls
is e  w ith  !>
hexam ettylene- j 
te tram ine  to  j 
pH 5- 6 , add f7  J 
and t i t r a t e  j 
l ib e r a te d  EDTA j 
w ith  Pb+ to  I
S y lenol Orange 
end p o in t
|y  -4  r
Form Sn(3V)~EDTA| 
complex, add j 
excess Bi+^ , j 
b u f fe r  to  pH 2.5,! 
t i t r a t e  excess I 
Bi+3 w ith  EDTA J  
to  Xylenol Oxangej 
end p o in t  \ r
Ref,
[53]
[54]
[53]
[50] [40]
[46]
[47]
[40]
[46]
[52]
D = d ire c t  t i t r a t i o n ;  B = back t i t r a t i o n ,  w ith  the c a tio n  used as the 
b a o k - t i t r a n t  given in  paren th eses; b = b lu e ; c = c o lo u r le ss ; f l  = f lu o rescen t 
g is green; o » orange; p i  s  p ink; r  s  red ; v a v io le t ;  y  s  yellow
(4 )  Speo trophotom etrio  Method : A number o f re a g e n ts  a re  u sed
as colour developing agents f o r  t i n  in  the  speotrophotom etrio  a n a ly s is  of 
r e la t iv e ly  sm all amounts of the  m eta l. Some methods fo r  the  spectropho to - 
m etric determ ination  of t i n  a re  summarised in  Table ‘2., Since the 
in tro d u c tio n  of d isp e rs in g  agen ts ( i , e ,  reagen ts  which produce s ta b le  
c o llo id a l so lu tio n s  of in so lu b le  t i n  complexes) such as Teepol X, sodium 
la u ry l su lp h a te , and Santomerse S, th e  d i th io l  method seems to  be the  b e s t 
cu rren t procedure.
(5) Other Methods : Tin may be determ ined by an amperometric t i t r a t i o n  
using tetraphenylarsonium  ch lo rid e  as t i t r a n t  [81 ], or by u sing  c o p p e r( ll)  
ion in  a t a r t r a t e  medium [82], Various reagen ts  have been employed by 
K olthoff and Furman [83 ] ,  and Lingane and Pecs ok [8A ], f o r  the  determ ination  
of t i n  by a p o ten tio m etric  method. However, n e i th e r  of th ese  t i t r a t i o n  
techniques i s  w idely used because they  a re  not very  s e le c tiv e  and a re  
sub jec t to  in te rfe re n c e  by many o th e r io n s .
Many po larograph ic  methods have been developed f o r  the  determ ination  
of t i n  in  s p e c if ic  m a te r ia ls . However, the  methods of Love and Sun [85 ] 
and of Kallmann, L iu , and O berthin [86 ] appear to  be ap p lic a b le  to  the  
determ ination of t i n  in  a wide v a r ie ty  of m a te r ia ls .  However, many m etal 
ions in te r f e r e  in  the  procedure and must be removed p r io r  to  th e  e s tim a tio n  
of t i n .  Since the  l im itin g  c u rre n t and o th e r  wave c h a r a c te r is t ic s  a re  
in fluenced  by many f a c to r s ,  the  a n a ly s is  must be perform ed w ith  g re a t care  
to  ensure accu ra te  r e s u l t s .
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TABLE 2
Speotrophotom etrio D eterm ination of Tin
! ]
Wo. I Reagent & iColour 
1 Method |
~ , ■ --------
i
Wave- | Range 
length) ppm.
In te rfe re n c e s R ef. 1
S n ( ll) 1 | D i t h i o l ( l ) , j  red  
I 0 . 3$ ( l )  in  2$  aq. j 
| NaOH, Santomerse Si 
j o r . Sodium lauryl';
! su lphate  5
330 2-16
......................... - .
Ag,As,Bi,Cd,Co,
Cu,Ee,Hg,Mo,Mi,
Sb,Pb
[55] j
t
2 C a c o th e lin e ( l)5 -violet 
0 .0 4 $ (l)  in  water,
HOI, pH < 1
5^0 l 6 Sb,Ti,TJ,Re,Hb,
Mo,W,SO“ 2^S00”2 
j 2 3
[SL,62]
3
\
D iazin  g reen(l)$  ? 
0. Qbfo( I )  in  wate r ,  
p H ^  1
655 8—20 O
B [62]
h-
t
Phosphomolybdic • b lue 
a c id  |
I3 ji ? [59]. . . . . . .!
5
!
i i i Silioom olybdio i b lue ] j
a c id  ; i ! !
I
[ 60]  j
Sn(OT) 6
;I
; i ! 1 
1 • * NitrophenyMmorone I 510 j0 .4 ral* 6 l Ee,Ga,Oe,Ta,Zr
( l ) j  0.0X^(1) in  | I ' |
MeOH, gum a ra b ic ,!  ! I i 
' HOI, pH 1 .8  | | 1 I
*
i
[56] 1 
[78] |
7ti!i... .. .. ..
1 j s |
Hemato:xylin(l); i red  1 515~ I ' W 4  | E e ,S b ,T i,B i 
in  95% | 525 | I 
e th an o l, HOI, : j ! 1 
p H <  0.8 i i |
[57]
|
!
iiit
i . .
I
l 8t|
i
ii................................
! I | 1 „ 2
8«h3^ j^ ^ lq u ln a !in e ! 385 jl.7~20 j Mo,Ee,Ni,Al,S0; 
( 1 ) ,  o .ifo d )  m  ; j | j ^
C I D l ^ ,  sod. acetate j  j ; j 
e x tra c te d  w ith  ; 1 | j
■ C H o i ,  1 ! ! 1j ? « 1
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i  \ !
[58] j 
1
i
! i
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TABL3S 2 (Continued) 
Speotrophotom etrio D eterm ination of Tin
t' ■ 1 ■ 1 f
No. Reagent & 
Method
Colour Wave­
le n g th
\ Range 
i PPm.
I
In te rfe re n c e s R ef.
9 Q u e ro e tin (l) | 
0 .1 $ ( l)  in  MeOH, 
0.251. EDI
yellow 4.20*450 0 . 001—
! 0.5$  Sn
!
A l,V e,S i [66]
[79]
10 S tilb a z o , acetate 
b u f fe r ,  pH 5
i
| <0.85 Fe,Cr,V,W,Mc [74]
11 A liz a lin  b lu e , 
1M. HC1, ex trac ted  
with cyclohexane- 
e tE yl a c e ta te  
m ixture
v io le t
’
580 \ < 1 0
i
i
Mo,V,Ve,Cu | [75]
jsn(iv)
I1
|
12 Eyrooatechol 
V io le t ( i ) ;  0.05$ 
( i )  in  w ater, 
EDI, pH 2.5
red 555
620
! 0.24-1.6
i
ii1
Z r,T i,B i,F e ,
Sb,Ga,Mo
[77]
[76]
it
13 C ry sta l V io le t ,  
e x tra c te d  w ith  
A-heptanone, 
EDI, pH 0.65
:
i
595 !
i
Sb,Ta,Bi,Cu [72]
i
j?iI
14
i
5-7 dibromo-8- I 
q u in o lin o l, j 
e x tra c te d  w ith  j 
iso b u ta n o l, p H l j
410 |}
i1
i
[73]
ij
\
15 Q u in a liza rin , 
NH^OAc, pH 3-3*3
jpink 550 I1-200i ffe [71] j
i
1 16 | f la v a n o l,  60$  Methyl Cello solve
pH 3
Ii
?*
400 i0.5»3
t
|[8 0 ] |
i
i
I
17
■ 1 ; ....»
Eydrobromic ao id jyellow  
(co n c .) j
200“
300
10.008- 
i i .2
HCXjHgSO^ j[64]
tI j
J 18 Thiourea ( c  6$)
I
iyellow
1
j 366
i . .  . .
|cv005“ 
0 .  08
m
!
19 G-ossypol 
0.511 KJ1)
1
ired
i J .
[67 ]
i
I
It
i
20 Morin
*
blue
i
WO
\
I
i
1
.......... ! ,
Sb,Ti,Mo,W,EiiTb,i[65] I 
ZrjTh,]?^ o x a la te , | { 
t a r t r a t e  1 f................... . 1 . . .............. . i
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p rin o ip le s  of the  Methods Used In  the  D eterm ination of Tin
( i )  G ravim etric Methods
Most of the procedures involve th e  p r e c ip i ta t io n  of t i n  p,s an 
in so lu b le  compound and the  conversion of the  r e s u l t in g  p r e c ip i ta te  to  
tin(XV) oxide by subsequent ig n i t io n .  Tin may be determ ined 
g rav im e trica lly  by one of the  fo llow ing techn iques.
(a )  P re c ip ita t io n  w ith  hydrogen sulphide and weighing as tin(TV) oxide
This method i s  no t reoommended i f  la rg e  amounts of t i n  a re  
involved, because of the  d i f f i c u l t i e s  encountered in  f i l t e r i n g ,  washing, 
and Converting th e  p r e c ip i ta te  com pletely to  th e  oxide. [2b]. In  suoh 
cases, i f  t i n  must be p re c ip i ta te d  as a su lph ide , b e t t e r  r e s u l t s  a re  
obtained i f  the  p r e c ip i ta te  i s  re  3d sso lved  and th e  t i n  con ten t determ ined 
by the iodom etric method [27 ] .
(b) p r e c ip i ta t io n  w ith  ammonium hydroxide and weighing as tinfor) oxide
The method depends upon the  p r io r  ox id a tio n  of th e  t i n  to  
the quadrivalen t s t a t e ,  p r e c ip i ta t io n  w ith  aqueous ammonia, fo llow ed by 
ig n it io n  to  tin ( lV )  oxide. The method i s  g en e ra lly  only s a t i s f a c to ry  when 
ap p lied  to  so lu tio n s  con ta in ing  t i n  a lo n e . I t  cannot be used d i r e c t ly  in  
the presence of many o th e r elem ents s ince  the p r e c ip i ta te  i s  c o l lo id a l  and 
ex h ib its  powerful ad so rp tiv e  p ro p e r tie s  f o r  v ario u s  io n s , such as i ro n , 
le a d , copper, n ic k e l ,  and z in c . However, accu ra te  r e s u l t s  may be ob tained  
by the  determ ination  of the im purity  p re se n t in  th e  impure t i n ( i v )  oxide.
-1 7 -
Ammonium iodide i s  added to  the  impure weighed oxide whioh i s  then heated 
u n t i l  no fu r th e r  fumes a re  evolved. The t i n  i s  v o la t i l i s e d  q u a n ti ta t iv e ly  
as t in ( lV )  io d id e . The resid u e  i s  then  t r e a te d  w ith  concen tra ted  n i t r i c  
a c id , and the m ixture cau tio u s ly  evaporated  and ig n i te d .  The re s id u a l 
m e ta llic  oxides a re  then  'weighed so th a t  the  lo s s  in  weight corresponds 
to  the tru e  weight of tin(XV) oxide p re sen t in  th e  impure oxide.
( o ) P re c ip ita t io n  w ith  oupferron and weighing as tin(XV) oxide
of aluminium, chromium, c o b a lt , n ick e l and manganese. Tin(XV) (about 
0*15 g*) in  300 ml. of 0 .2  N. hydroch loric  a c id  to  which 5 ml. of 48$ 
hydrofluoric a c id  has been added i s  not p re c ip i ta te d  by hydrogen su lphide 
whereas copper, a r s e n i c ( l l l ) ,  le a d , and an tim o n y (III) a re . A f te r  adding 
boric  a c id , b o il in g  to  expel hydrogen su lp h id e , the  t i n  i s  p r e c ip i ta te d  
from so lu tio n  by the ad d itio n  of oupferron . The Mo german Method [31] 1ms 
been used fo r  p r e c ip i ta t in g  t i n  w ith  oupferron a f t e r  f i r s t  d i s t i l l a t i o n  
t in  as t in ( iv )  bromide.
(&) P re c ip ita t io n  w ith  phenylarsonio  a c id  and weighing as t in ( iv )  oxide 
This method i s  ap p licab le  in  the  presence of z in c , copper 
and o th er elem ents commonly a s so c ia te d  w ith  t i n  in  a l lo y s .  Zirconium and 
thorium se rio u s ly  in te r f e r e  and must be ab sen t.
(e ) P r e c ip ita t io n  w ith  BPHA and weighing d i r e c t ly  as t i n  complex
This method perm its the  determ ination  of t i n  in  the  presence
BPHA ( N-b e n z oyl-N-p he ny l hydroxyl amine ) CgB 
as a . l $  so lu tio n  in  e th an o l, p r e c ip i ta te s  a complex
tin (lV ) so lu tio n  con ta in ing  1-8$ co ncen tra ted  hydroch loric  a c id . Copper, 
iro n , aluminium, chromium, titan iu m  in te r f e r e .
In  a l l  the g rav im etric  procedures o u tlin e d  above, th e  p r e c ip i ta te s  
are g en era lly  su b jec t to  contam ination by c o -p re c ip i ta t io n , occlusion  and 
adsorp tion . P u r if ic a t io n  of these  p r e c ip i ta te s  i s  d i f f i c u l t ,  ted io u s  and 
time-consuming. Thus, volum etric  procedures a re  th e re fo re  g e n e ra lly  
p re fe rred .
(2) Iodom etric Methods
Tin may be determ ined by an iodom etric method, which may o ften  
be app lied  w ithout any p re lim in ary  sep ara tio n  of t i n  from o th e r elem ents.
The precau tions in  accu ra te  analyses depend on complete red u c tio n  of the  
t in  in to  the b iv a le n t s tage and p reven tion  of i t s  re  ox idation  by a i r .  Por 
the reduction  of t in ( iv )  to  t i n ( l l ) ,  many reag en ts  have been used -  le a d , 
n ick e l, iro n , iro n  and n ick e l to g e th e r , z in c , aluminium, antim ony, or 
bypophosphorns a c id . Of th e s e , le a d , n ic k e l ,  and iro n  a re  most commonly 
used. The red u c tio n  and t i t r a t i o n  must be c a r r ie d  out in  an atmosphere 
of carbon dioxide gas. The a d d itio n  of a sm all amount of antimony ( l  o r 2 
drops of antimony t r ic h lo r id e  20 g m /li tre )  to  the  so lu tio n  ju s t  befo re  
reduction  i s  recommended. I t  has been rep o rted  th a t  antimony suppresses 
the a e r ia l  o x id a tio n  of t i n .  N ickel i s  sometimes made p assiv e  by the  
presence of c e r ta in  elem ents such as s i lv e r  and bism uth, b u t the  presence of 
a small amount of antimony helps to  keep the n ick e l a c t iv e .  A fte r  the 
reduction  i s  com pleted, the  so lu tio n  i s  cooled to  10-15°C. and t i t r a t e d
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w ith  standard  iod ine  or io d a te  s o lu tio n , using  s ta rc h  so lu tio n  as in d ic a to r , 
u n t i l  a permanent blue co lour i s  obtained* In te r f e r in g  substances include 
n i t r i c  a c id , copper, antimony, germanium, tita n iu m , chromium, vanadium, 
molybdenum, tu n g sten , and a r s e n ic ,  the degree of in te rfe re n c e  depending 
on the amount of in te r f e r in g  substance p re se n t.  Among substances th a t  do 
not in te r f e re  a re  su lp h a te s , phosphates, io d id e s , brom ides, f lu o r id e s ,  
iro n , n ic k e l, c o b a lt ,  s i lv e r ,  z in c , manganese, uranium, aluminium, le a d , 
bismuth, and the a lk a lin e  e a r th s .  No in te rfe re n c e  occurs w ith  mercury i f  
iro n  powder i s  used as the reducing agent and the  so lu tio n  i s  b o ile d  fo r  
13 m inutes.
(3) C helatom etrio T itr a t io n
In  a chelatom etrio  t i t r a t i o n ,  an unknown so lu tio n  of a m etal io n , 
M, i s  t i t r a t e d  w ith  a so lu tio n  of known co n cen tra tio n  of a c h e la tin g  ag en t, 
or lig an d  L. The re a c tio n  may be rep resen ted
M + nL —? ML . . . . . . . . . .  (1 )n
One'may p lo t  pM ( th a t  i s  “lo g  [M]) a g a in s t volume of t i t r a n t  
added. I f ’th e re  i s  a sharp change in  pM a t  the  s to ich io m e tric  p o in t ,  th e  
reac tio n  i s  su ita b le  f o r  t i t r im e t r y .  The prime c r i te r io n  of s u i t a b i l i t y  
i s  th a t  the i n s t a b i l i t y  co n stan t of the  complex be sm all.
Up to  about 1950 few chela tom etrio  t i t r a t i o n s  were i s  u se .
In g en era l, they were su b jec t to  the  fo llow ing  drawbacks:
(a ) For most of the many ligand«m etal complexes w ith  adequate ly  sm all
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i n s t a b i l i ty  c o n s ta n ts , re a c tio n  ( l )  i s  slow; many lig an d -m eta l complexes 
are  formed ra p id ly , b u t the i n s t a b i l i t y  co n stan ts  f o r  most of them a re  too 
la rg e  f o r  t i t r im e t r y .  (b) In  most c a se s , the  m etal ion  combines w ith  
more than one lig a n d  molecule up to  a l im i t ,  n
M + L ML,
ML + L *“c*£a
ML _ *  1 MLn~l n
The re a c tio n  proceeds in  a number of s tep s  as the r e s u l t  t h a t ,  in  
a t i t r a t i o n ,  th e re  i s  a continuous change of pM w ith  volume of t i t r a n t  
added, w ith  only a s l ig h t  in f le c t io n  in  the  p lo t  a t  the successive  stoiohio«=> 
m etric p o in ts  corresponding to  each successive complex ML (n = 1 to  N).
Both th ese  drawbacks may be overcome by u s in g  a m u ltid en ta te  lig a n d  such 
as th e  am inopolycarboxylic a c id s . Amongst th ese  a c id s , etbylenediam ine 
te t r a a c e t ic  a c id  (ELTA) and i t s  d e r iv a tiv e s  a re  p a r t ic u la r ly  e f fe c t iv e  
and widely used as t i t r a n t s  in  ohela tom etric  t i t r a t io n s *
Since the  f re e  a c id  i t s e l f  i s  only s l ig h t ly  so lub le  in  w ate r, EDTA 
i s  u su a lly  used as a so lu tio n  of i t s  sodium (o r  ammonium) s a l t .  The 
formula of I t s  an io n ic  form which may a c t  as a hexadentate group form ing up
to  f iv e  five«membered rin g s , i s
*  *
”*000 -  GIL Cfh « C00~
^ ^
N *» OIL «* CH -  N
* /  \  *
~00C ~ CE^  CSj -  000**
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The donor atoms are  in d ic a te d  by a s te r isk s*  The 1 ;1  complex so 
formed, in  a s in g le  s te p , has a very  sm all i n s t a b i l i t y  co n s tan t.
o
I!
I
C —CH
II
O  <
IIo
Furtherm ore, the  combination and d is s o c ia tio n  re a c tio n s  a re  g e n e ra lly  
rap id . On a l l  th ese  coun ts, th e re fo re ,  the  reag en t i s  em inently  s u ita b le  
fo r  use in  t i t r im e t r y .
As a r u le ,  one gram«ion of EDTA re a c ts  w ith  one gram«ion of most 
c a tio n s , and in  each case , a ls o ,  two gram-ions of hydrogen ion  a re  formed, 
independent of the  o x ida tion  s ta te s  of c a tio n s , according  to  the  reactions:-*
+ 2
M + » 2K,T jd t Iff"2 + 2 l f (a )
+ K , r 2
"faCM+8iSf**f11 (* )
+
CMV« 1=5: MT + 2 H+ (0)
or
+n 
M +
€9 2 f=a= (MY)+*'I1"10  + 2 H+ (a )
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(Where i s  the anion  of the disodium s a l t
and M i s  m etal io n , [charge not s p e c if ie d ] ) ,  For th i s  reason , 
so lu tio n s in  chelom etric  t i t r a t i o n s  must he c a re fu lly  b u ffe re d , otherw ise 
a considerab le  drop of pH (sometimes by sev e ra l u n i ts )  may occur from the  
re lease  of hydrogen io n s .
The s t a b i l i t y  of metal^EDTA c h e la te s  v a r ie s  w ith  th e  ox ida tion  
s ta te  of the m etal and on the  pH of the  so lu tion#  At low pH th e  s t a b i l i t y  
of c h e la te s  decreases because more hydrogen ions are  p re se n t in  the system 
and the e q u i l ib r ia  rep re sen ted  in  the  equation  (a ) to  (d) tend  to  s h i f t  to  
the l e f t  ( e ,g . ,  the  d is s o c ia tio n  of the  complex occurs); thus the  more 
s tab le  i s  the c h e la te , the  low er i s  the  pH a t  which the  t i t r a t i o n  i s  s t i l l  
p o ss ib le . In  g e n e ra l, d iv a le n t m etal ch e la te s  a re  s ta b le  betireen pH 5 nnd 
14, those of te rv a le n t  m etals a re  s ta b le  between pH 2 and 14-, and those of 
quadrivalent m etals between pH 1 and 14-. Some excep tions a re  th e  alkaline®* 
e a r th  m etals f o r  which the  complexing e f f ic ie n c y  does no t decrease ap p rec iab ly  
u n t i l  the  pH i s  very  low. Furtherm ore the  hydroxides of c e r ta in  m etals such 
as iro n  are  p r e c ip i ta te d  from t h e i r  ch e la te  complexes in  a lk a lin e  media*
I t  i s  p o ss ib le  to  use EDTA as a t i t r a n t  f o r  many m etals over a 
moderate range o f co n cen tra tio n . In  d ire c t  t i t r a t i o n ,  the  m etal ion  
so lu tio n  (brought to  the  p roper co n d itio n s  eg.pH, b u f fe r ,  e t c . )  i s  t i t r a t e d  
hy EDTA u n t i l  a v is u a l  o r p h y sica l method in d ic a te s  the end p o in t .  In  a 
d ire c t  t i t r a t i o n ,  e s p e c ia lly  in  a lk a lin e  medium, a m etal hydroxide may 
p re c ip i ta te .  Even i/here the  m etal would re d isso lv e  by c h e la tio n , the  r a te
(Na2!LY) of EDTA
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i s  o ften  too sm all f o r  a p r a c t ic a l  d ir e c t  t i t r a t i o n .  In  such c a se s , an 
a u x ilia ry  complexing agent may he added to  r e ta in  th e  m etal in  so lu tio n  
t a r t r a t e  may be added in  d ir e c t  t i t r a t i o n  of le a d ) , Whep the  
chela te  i s  formed too slow ly , o r a m etal cannot be kep t in  the so lu tio n  a t  
the pH needed, o r  when no s u ita b le  in d ic a to r  f o r  d i r e c t  t i t r a t i o n  i s  
a v a ila b le , the  back t i t r a t i o n  method i s  o ften  adopted . In  th i s  method 
EDTA i s  added in  excess and the uncomplexed p o r tio n  i s  back t i t r a t e d  by a 
su ita b le  s tandard  m etal s a l t  so lu tio n . T i t r a t io n s  in  which the  c a tio n  
re a c ts  slow ly o r weakly w ith  EDTA can o ften  be improved by the  replacem ent 
(o r s u b s ti tu tio n )  t i t r a t i o n  method. In  t h i s  c a se , the  ch e la te  o f a m etal 
(u su a lly  magnesium, but sometimes a lso  z in c , cadmium, or copper) th a t  i s  
le s s  s tab le  than  th a t  of th e  m etal being determ ined i s  in troduced  to  the  
so lu tio n , a s u b s t i tu t io n  o ccu rs, and the  m etal io n  d isp laced  can be t i t r a t e d t y  
the chaLatingegoit in  the same s o lu tio n . Thus, i f  the  ion  m+^ i s  being  t i t r a t e d
” 2  + 2  j . ?  o  J . O  « o
and MI ch e la te  i s  added, m re a c ts  as fo llow s: m + ,==& mx + M
+2
and then the M ion  fre e d  may be determ ined by EDTA t i t r a t i o n .
Although many methods of end p o in t d e te c tio n  have been adopted w ith  
some success, e , g . ,  conductom etric, spectropho tom etrio , o lironopotentiom etrio , 
coulometrio and p o ten tio m etrio  methods! v is u a l  methods of end p o in t d e te c tio n , 
based on the use of in d ic a to rs  a re  the  most r e a d i ly  a p p lic a b le . Two 
in d ic a to r  mechanisms a re  ap p lied ; redox in d ic a to rs  and m etal in d ic a to rs .
Since redox in d ic a to rs  a re  su b jec ted  to  se rio u s  in te rfe re n c e  from the 
presence of sm all amounts of o x id is in g  or reducing  substances o r  of
-2 4 -
complexing substances in  the  t i t r a t i o n  medium, they  have rece iv ed  decreasing  
a tte n tio n  in  chela tom etrio  t i t r a t i o n s .  In  f a c t ,  the  most im portant approach 
based on the v is u a l  end p o in t i s  the  use of m etal in d ic a to rs  (o r  pH ind icato rs) 
which e x h ib it  one co lour in  the presence of a m etal ion  as a r e s u l t  of 
ch e la tio n  w ith  i t  and a d i f f e r e n t  co lour in  i t s  absence. During the  main 
portion  of d i r e c t  che la tom etrio  t i t r a t i o n ,  the  m etal in d ic a to r  which i s  
presen t in  sm all amount and alm ost e n t i r e ly  in  m e ta l- in d ic a to r  form, w h ils t 
the bulk of f re e  m etal ion  i s  p ro g re ss iv e ly  ch e la ted  by the  t i t r a n t .  At 
the equivalence p o in t ,  the  ch e la tin g  agen t removes th e  tra c e s  of m etal from 
the m e ta l- in d ic a to r  complex, which i s  of low er s t a b i l i t y  and the in d ic a to r  
changes to  i t s  free-fo rm  co lo u r, thus in d ic a tin g  the end p o in t .
I t  i s  p o ss ib le  to  c la s s i f y  the  m etal in d ic a to rs  according  to  t h e i r  
mechanism of re a c tio n !  m etallocbrom ic in d ic a to rs ,  m e ta llo flu o resc en t 
in d ic a to rs , d iv erse  m e ta l-s e n s itiv e  and m e ta l-sp e c if ic  in d ic a to rs ,  and 
tu rb id i ty  in d ic a to rs .  Of a l l  th e se , m etallocbrom ic in d ic a to rs  a re  the  most 
widely used in  chela tom etrio  t i t r a t i o n s .
In  the a n a ly s is  of m a te r ia ls  co n ta in in g  sev era l m e ta llic  io n s , s tep s  
have to  be taken to  ensure a s e le c tiv e  re a c tio n  w ith  EDTA, This i s  done 
by co n tro l of the  pH of the  so lu tio n  being t i t r a t e d : 1 by p r io r  sep a ra tio n  
of the in te r f e r in g  ions befo re  t i t r a t i o n ,  by the  use of a s e le c tiv e  in d ic a to r ,  
or by the masking a c tio n . Some commonly used masking agen ts have been 
described by Gheng [114] (Table 3 )* When a su ita b le  method i s  chosen and
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T able 3« Common Masking A gents«
Cr
Cu
Element Masking Agcnta
Ag C N -N H ,, S,Or»t B r - I - , a -  
Ai F"\ C20 r 8, OAc", cit, tar, 
EDTA, OH", BAL, NTE 
As S r 8,O H -,B A L 
Au • C N "‘I Br“, SjO*”*
B F “, hydroxy acids, glycols
Ba EDTA, cit, tar, NT A, DHG, 
SO «"*
;. Be F ”, cit, tar ■ <
Bi Cit, tar, EDTA, I" , Ci“, NTA,- 
D H G ,T U ,N {TE 
•' Ca • EDTA, cit, tar, P A "* , NTA, 
DHG
Cd EDTA, C N -, S A “\  SCN",
■ I -, cit, tar, NTA, DHG 
•' Ce F - , NTA, EDTA, DHG, cit,
\  tar, tiron 
. Co NIL, NO.“, SCN-, C N -, H A , 
V  S20,-», NTA, EDTA, DHG, 
v cit, tar, En, BAL, tren, penten 
EDTA, NTA, cit, tar, NTE 
NHj, I -  SCN-, C N -, S A " 8, 
TU, EDTA, S " \  DTC, DHG, 
BAL, cit, tar, NTA, TO, 
NTE* trcttj sentea 
HBO,, Ai, Be, Zr, lit, Ti, Nb, 
To, Fe '
F-, POr*. P»0,’ V  NTA, 
EDTA, DHG, DTC, cit,
. tar. BAL, SCN“, S A " \
. C A "*, CN", tiron, ACB, 
TU, PH, S *», TG, NTE 
C A " 8, F -
F, H A , SO,”*, DHG, cit, tar, 
NTA, EDTA, P2Or*, PO4“*0 
. C A "*, NTE
I -  SO,-*, CN“, NTA, EDTA, 
DHG, Cl", cit, tar, NTE, 
tren,. penten 
NTA, DHG, EDTA, C A "*, 
cit, tar, OH”, P A “*, glycols 
F r  C A '* , P A "* , NTA, 
EDTA, DHG, cit, tar, BAL, 
NTE, oxid. agents 
SCN", C A " 8, H A , cit, tar, 
EDTA, NTA, tiron
Element Masking Agents
■' r F§
;.Ge
Hff ,
: Hg
Mg
Mn
Mo
agents.
.tar, cit, S“*, S O r8 
Cit, tar, BAL, I", S"», O H F “ 
Cit, tar, BAL, F, I L, C iO r1!
OH“i NTE 
.60,-*, NTA, EDTA, DHG, cit, 
tar
F “, OH”, cit, tar 
F - , NTA, EDTA, DHG, cit, 
tar, NTE, OAc”
SOr*, OH", H.O., F~, NTA, 
EDTA, cit, tar, tiron, NTE* 
Cl", CN“, NTA, EDTA, cit, 
tar, NTE 
Tiron. F -, SCN**, H A  
F “, CO,- *, C A - *, HjOj, cit, 
tar
CN“, H A , F “, EDTA, tiron, 
NTE
CN-, NTA, EDTA, DHG, cit, 
tar, SCN", BAL, OH", NH,, 
glycola, tren, penten 
F~, SO4-*. cit, tar, NTA, 
EDTA, DHG, H A , P A "* , 
PO4-*, C A "*, NTE 
C N " HCHO, transition metals
C A "*  *■ oxalate; OAc“ ■■ acetate: cit ■* citrate: ta r  ■» tartrate; BAL *» 2,3- 
dimercapto-l-propanol; DHG — AT,N-(2-nydroxyethyl)glycine; NTA “  mtrilotriacetate; 
En ■» ethylenedinmine; TU *- thiourea: PH ■■ o-phenanthroline: TG t«* thioglycollic 
,; NTE ■* 2,2',2'-nitrilotricthanol; ACB — ascorbic acid: DTC ■■ diethylditniocar-
F ", OH- , cit, tar, C A ”*, 
H A , tiron 
C N - SCN", NTA, EDTA, 
NH,,' cit, tar, tren, penten 
CN-SCiV-
I" , OAftT, S A " 8, cit, tar, NTA',.
EDTA, DHG, S O r8 
C N -. I - ,  NH,, N O r, SCN", 
S A -* , NTA, EDTA, DHG,
. cit, tar, NTE
NH,, I -  C N - NO,-, SCN - 
S A “*, NTA, EDTA, DHG, 
cit, tar 
Ir  SCN “, cit, tar, TU 
Rh , TU, cit, tar
s . cn-, s-*, sor8 s*- s >
so,- Hg+*, HCHO 
Se S“*, SO*- *, DAB, ACT, reduc-
Ni
Os
Pb
Pd
P t
Te
ing agents, tar, cit{ I ”, F “ 
I" , F “, ACB, reducing
Sb
Bn
Sr ;
Ta
Th
Ti
TI
W
U
V
Zn
Zr
acid
baraate; tren tetramine; penten *- hexamine; DAB <■> cfiaminobenzidine.
the in te r f e r in g  ions a re  removed or masked, a chela tom etrio  t i t r a t i o n  can 
he performed*
(Zj.) Speotrophotom etrio Method
When l ig h t  of in te n s i ty  I  tra v e rs e s  a so lu tio n  which co n ta in s  a 
co n cen tra tio n , C, of an absorbing substance and the p a th  le n g th , b , the  
in te n s i ty  i s  reduced, to  I ,  say. These q u a n titie s  a re  r e la te d  by Beer*s Law 
which i s  fundamental in  spectrophotom etry by the  fo llow ing  form ula:
I  « abC / \
lo g  —  ss -  abC or ~— as 10 . . * * * • ( 1 )
I I  o o
Equation ( i )  may be rearranged:
I
lo g  > -or A a abO . . . . . .  ( 2)
I
j
log or !A* i s  c a lle d  the absorbance, when fCf i s  expressed  in  molar 
I
u n its  and fb f in  cen tim e te rs , then fa f has the u n i t s ,  (m o les /l)  (om) , 
and i s  c a lle d  th e  m olar ab so rp tiv ity *
The g eneral procedure f o r  a speotrophotom etrio  determ ination  may 
be summarised*
(a )  I f  i t  i s  no t a lread y  known, th e  ab so rp tio n  spectrum of the  
sample substance should be found,
(b) The working w avelength range i s  selected*  I t  i s  im portant
to  choose a wavelength range in  which the  unknown substance absorbs s tro n g ly  
hut in  which any in te r f e r in g  substances do n o t. A second co n s id e ra tio n  i s
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th a t a should be s u b s ta n tia l ly  constan t throughout the wavelength reg ion  
employed.
(c ) The absorbances of sev era l s tandard  so lu tio n s  w ith  known 
concen tra tions of the substance to  be determ ined a re  measured. The p lo t  
of A (o rd in a te )  a g a in s t C (a b sc is sa )  then  provides the  c a l ib r a t io n  curve.
I f  the c a l ib r a t io n  curve i s  a s tr a ig h t  l i n e ,  B eerf s law ho lds. Otherwise 
Beerf s law does no t ho ld , b u t in  favourab le  circum stances analyses can s t i l l  
be performed.
(d ) Prom the absorbance of an unknown so lu tio n  of the substance
to  be determ ined, i t s  co n cen tra tio n  may be read  d i r e c t ly  from the  c a l ib r a t io n  
curve. For maximum p re c is io n , the p a th  le n g th  and the d i lu t io n  of the 
sample should be chosen so th a t  the tra n sm ittan ce  i s  n e i th e r  too  high nor 
too low f o r  the  s e n s i t iv i ty  of the instrum ent used.
The speotrophotom etrio  methods of the  determ ination  of t i n  a v a ila b le  
a t  p resen t cannot be considered  e n t i r e ly  s a t i s f a c to ry  in  re sp e c t of t h e i r  
s p e c if ic i ty  and s e n s i t iv i ty .  Because of th e  la c k  of . .sp e c if ic ity , the  
p r io r  sep a ra tio n  of t i n  from in te r f e r in g  elem ents i s  a necessary  p ro cess .
(See reference in  Table ~2).
Outline of the Methods used in  the  S eparation  of Tin
Methods which have been used f o r  the  sep a ra tio n  of t i n  from 
in te r f e r in g  ions a re  summarised as fo llow s:
( i )  P r e c ip i ta t io n  method Three p re o ip ita n ts  have been u se d :-  
(a )  ]$rdrogen su lphide -  in  which t i n  i s  p r e c ip i ta te d  as
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t in  sulphide in  an a c id ic  so lu tio n  ( e .g . ,  0*2 to  1 N* hydroch loric  a c id  or 
0*5 to  6 N. su lp h u ric  acid)*
0 0  Aqueous ammonia,
(c ) n i t r i c  a c id  to  give m etastannic acid*
As mentioned in  the  se c tio n  on the  g rav im etric  method f o r  the 
determ ination of t i n ,  p u r if ic a t io n  of the  p r e c ip i ta te  ob tained  in  any of 
the methods rem ains a problem.
(2) D is t i l l a t io n  methods
Tin may be q u a n ti ta t iv e ly  d i s t i l l e d  from 1 :1  su lp h u ric  a c id  a t  
200° to  220°C w ith  hydrobromic a c id  [30] o r a t  130° to  l6o°C w ith  a m ixture 
of hydrochloric and hydrobromic ac id s  [97] and from p e rc h lo ric  a c id  a t  
200 to  220°C w ith  hydroch lo ric  o r bydrobromic acid* [98]* Tin may a lso  
be v o la t i l i s e d  from su lphuric  a c id  a t  200~220°G by passing  dry hydrogen 
ch loride gas through the  a c id . Among th e se , d i s t i l l a t i o n  of t i n  as tin (lV ') 
bromide using  su lphuric-bydroch loric-hydrobrom ic ac id s  system i s  p re fe ra b le . 
The method o f fe rs  a procedure fo r  the sep ara tio n  of t i n  from such elem ents 
as tungsten , tita n iu m , copper, vanadium, chromium, germanium, a r s e n ic ,  
antimony and molybdenum.
(3) L iq u id - liq u id  e x tra c tio n  methods
Tin may be sep ara ted  from in te r f e r in g  ions by e x tra c tio n  
techniques* The e x tra c tio n  procedures of t i n  a re  summarised in  Tableau" 
However, in  th ese  e x tra c tio n  methods incom plete e x tra c tio n  and c o -e x tra c tio n  
are o ften  found.
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TABLE 4
E x trac tio n  Procedures of Tin [999 100]
5— 1 1
Solvent system
?
Separated  from j
ii1!
|
Aqueous phase j Organic phase
1.2 -  k.S  M. HE D iethy l e th e r Ag, B i, Cd, Co, Cr, Ga, 
K, Mn, H i, Os, Te, T i,  j 
U, Zr. j
1 .5  M KE, 0.75 M. I%S04 D iethy l e th e r
, , , , —  ------------ - —j
A l, Be, F e , Ga, Mo, W
pH 2.5 -  6 .0 8-Q uino lino l/C  HD1j A l, Mn, Ni
HgSO ,^ pH 0.85 in  the
presence of NH^Gl
........................
8-Q uino lino l/C  EG1 -.
. . . .  ■
H202 , 1 M. HHO^ 0 .6  M. d ib u ty lp  ho sp horio 
acid /^n-B u^O As, Sb, o th ers
6.9 M. HI D ie th y l e th e r B i, m ,  Mo, Te, Zn
pH 6 - 9 D ithizone/C  Cl.H- ! Cd, Fb, T I, Zn
4 M. HBr D ie th y l e th e r
1 “ 7 M. NH SCN, 
0.5 M. HD1 ^
Cupferron, 1 .5  M. ac id  
Cupferron, EDI (1 :9 ) 
Cupferron, c r y s ta l  
v io le t ,  T iC l,
j
CgH6 -  CH513 
B th y lac e ta te
4-“ Heptanone
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TABLE 4 (Continued) 
E x tra c tio n  procedures of Tin [99> ICO]
Solvent system Separated from
Aqueous phase Organic phase
!
ii!
'
Sod, d ie th y ld ith io ~  . 
carbam ate, pH 5 -  6
CCl^ o r CgHg
! ' 1 
i i 
1 i 
! j
5 ,7  -  Dibromo -  8 « 
q u in o lin o l, pH 1 .0
Iso«butanol
! 1 
; i
i is i j -
1 M. EEL 0.1  M. tri« n « o c ty l~  
phosphine oxide/cyolo  
hexane
! 1 I iI I
1 jj | 
j )
0 . 5 - 5  M. E^SO^
|
0 • 0h-% diethylammonium 
d ie th y ld ith io carb am ate  
in  CGljj. o r  1% so lu tio n  
in  CHD1
5
! Cu, Bi
\
ii
D ie t hyl d i t  h i ophosp horic 
a c id , low pH
CCl^ or GBDlj |
!
D ith io l o r D iace ty l«  
d i th io l ,  low pH
Some organic so lven ts
j
ii
.|
Ammonium p y ro lid in -  
d ith iocarbam ate ,
<  6 M,EDI
CHD1
5
i
j
N“benzoyl“H“phenyl 
hydroxylamine, 3 M. 
a c id
CHOI
5
I
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(A) Ion-exohange methods
Tin may be sep ara ted  from c e r ta in  in te r f e r in g  m etal ions by an 
ion«exchange tech n iq u e . The prev ious work i s  summarised in  Table V.
U su ally , m ixtures of in o rg an ic  ca tio n s  can be separa ted  by ion 
exchange by one of two general methods
(a )  Cation^Exchange sep a ra tio n  w ith  cpmplexing e lu t io n ;
In th is  p ro cess , th e  ca tio n s  a re  absorbed on a column of a c a tio n  exchange 
r e s in  (which i s  u su a lly  in  the  hydrogen o r ammonium form ), and th e  column 
i s  then  e lu te d  w ith  a so lu tio n  co n ta in in g  a oomplexing agent such as 
c i t r i c  a c id , EDTAj o r phosphoric a c id .
o o  Anion-exchange se p a ra tio n  w ith  fluoro-* o r ohloro~ o r 
oyanato~oompIex e lu t io n  In  t h i s  p rocedure, th e  c o n s titu e n ts  of 
m ix tu re , even i f  norm ally in  the  form o f c a tio n s , a re  sep ara ted  in  th e  form 
of an io n ic  complexes, e . g . ,  as  n eg a tiv e ly  charged f lu o ro -  o r ch lo ro - 
complexes o r as complex cyan ides, u s in g  an anion~exchange column.
In  th i s  p re se n t work, the d a ta  from the  anion~exohange s tu d ie s  of 
m eta l-ch lo ro  complexes in  hydroch lo ric  a c id  by Kraus and Nelson [105] were 
ap p lied  to  the  problem of sep a ra tin g  in te r f e r in g  ions th a t  accompany t i n  
in  i t s  a l lo y s ,  c o n c e n tra te s , and o re s . The reasons f o r  u s in g  the 
anion»exchange method w ith  chloro-com plexes e lu tio n  were as fo llow s:
(1 ) The sep a ra tio n  seemed to  be reaso n ab le ,
(2 ) th e  cation-exchange sep a ra tio n  w ith  complexing e lu t io n ,  e .g .  
o x a la te , c i t r a t e  o r t a r t r a t e  would n o t be p o s s ib le , s ince  those  oomplexing
-3 2 -
TABLE 5
Summary of Ion«Exchange S eparations of Tin
—* . .. . '■ 1 ■ ■ ' ■* ■■■- ' ■ ■■"-I
1 ; 
Elements Sep, from R esin
t
E luant Ref,
As,Sb,Sn
1
Each o th er A KOH: 0 .5  M«* Sn; 2 M.-fr As; 
3 .5  M. Sb
[106]
Pb, Sn Cu, Sb A 7 M.HJ1—^ 'Pbj 1 .5  M. EDl-frCu; 
HE -  H51-4 Sb; 6 M.NaOH-4 Sn
(—
ii—
l
CO 
ON
o 
o
Sn In A 1 M. HC1 «4 In [107]
S n ( ll) ;
Sn(XV).
Ge A AM, H 3 1 - t  Ge? TK-HZL-bSntn.),
Sn(lV)
[105]
Sn(lV) S b ( v ) , T l ( v ) A 0.1M. o x a lic  a c id  - 4  T l,Sb; 
1 M. Sn
[104]
Sn pb A 8 M. HD1 - 4  Pb I—
I H 0 04  
1_i
S n ( ll)
|
S b ( l l l )  | C 0,4$  t a r t a r i c  a c id  —4  Sb ‘[102]
Pb,Sn(ry)
. s b ( v )  ___________
each o th e r A
...........
. . \ i
12 M. HC1 4  Pb, 1 M. m o ^ S n fa )  I 
1 M. NaOH—» Sb(v) ^ [110 ] i
In(X IT), each o th er A 1 M.HD1 - 4  In ; 0 .3  M.HDl- 1 M.
HE-* Sb; 
2M.HJ1—3 M. HE -4  Sn
i
j! i 
![111] !
I n ( i n ) ,  P b ( n ) ,  
Ge(IV), S n ( iv ) , 
B i ( I I l )
each o th e r A 0 .1  M HC1-1 M. HE I n ,  Pb,
6 M.H31- 1 M ,HE- 4  Ge, 2 M. 
H31-3 M.HE - 4  Sn; 1 M. WHC1-
1 Me NIJF —4  Bi *
[108 ]
i
i!
■;} . . .
Sn(Xf) S b ( v )
1 A
I
malonic a c id  - 4  Sb; 4 .5  M. 
H^SO^ * 4  Sn
{112]
S
1
A a Anion Exchange
C rs C ation Exchange
e lu an ts  In te r f e re d  in  the  chela tom etrio  t i t r a t i o n  of t i n ,
(3 ) The anion-exchange se p a ra tio n  w ith  f lu o ro  complexes could  not 
he employed because f lu o r id e  ions in te r f e r e  s e r io u s ly  in  the EDTA t i t r a t i o n  
of t i n ,
(4 ) The presence of excess hydroch loric  a c id  o r ch lo rid e  ions d id  
not in te r f e r e  in  th e  determ ination  o f t i n  by the EDTA method.
The d iffe re n c e s  in  s t a b i l i t y  of the  m etal ch lo ro  complexes a re  o ften  
such th a t  d i f f i c u l t  sep ara tio n s  can be re a d ily  achieved simply by usin g  a 
s tro n g ly  b as ic  r e s in  in  the  ch lo rid e  form and hydroch loric  a c id  so lu tio n s  
as e lu t in g  ag en ts . The data  f o r  th e  d is t r ib u t io n  c o e f f ic ie n ts  as a fu n c tio n  
of hydro c h lo r ic  a c id  co n cen tra tio n  a re  summarised in  F igure I  and Table 6,
Experim ental Technique
Throughout the  work, a column method has been used f o r  th e  separation ,. 
This invo lves e lu t in g  a column of th e  r e s in  on which a band of th e  complex 
ion has been oorbed and fo llow ing  the  p rocess by a n a ly s is  of the  e lu a te .  
O utline of th e  Experim ental P rocedure:
In  column experim ents the  e s s e n t ia ls  a re ;
A g lass  column ( s iz e  used in  p re sen t work 1 cm x 13 cm) w ith  a 
s in te re d  d isc  sea led  in  p o s it io n  o r plugged w ith  g la ss  wool ( P ig .H - )  i s  
loaded w ith  a s lu r iy  of r e s in .  Good packing of the  column i s  ach ieved  by 
allow ing th e  r e s in  to  s e t t l e  under g ra v ity  a f t e r  back-washing w ith  a stream  
of w ater of s u f f ic ie n t  v e lo c ity  to  l i f t  the  r e s in  up to  th e  top of the  
column. The p rocess  of back«washing i s  u su a lly  c a r r ie d  out tw ice befo re
rH
CM
rH pH
w °  V W
rH
w a
• CM 
3  rH
rH -H
«H <D 
«H +» +>rH
rH•• »H
P t P t 'Cl 4° -P fl <tf ctf P 3
O W/ , fl5 r °w +> v/ bo O H>d ^  (^ 1 fl k
O rH« a
O rH
- f t
2 Z <t < UJ < o P
a '*jj3oo yisio otn
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Ta~ble 6 .
Summary o f  Anion Exchange o f  M eta ls  i n  H y d ro c h lo r i c  A c id .
( from F i g ,  I . 5
Element Oxidationstato [IlCllmax, M log Dma*
Ag I <1 3
As I I I 10 ‘ . 1 '
Au II I < 1 i 7 •
Bi I I I . <1 4 .6
Cd II* 2 3 .6
Co I I 9 . 1.7
Cr * I I I  . si. ads.
v i t  . str. ads.
Cu I < 2 2
• I I 4 . 2
Fe I I 12 • 1
n i 10 4 .6
• Ga h i ■ 7 • 6
. Go IV 12 2
■ m IV * 12 6
. ' Hg i i t <1. 6
In i n 3 1
• I r h i < 1 2
r / . \  4 •• IV < 1 4
M n ix  . . 11 • 0.3
■ Mo VI • 4 2 .5
• »:-Nb . V t • 8 . 3
Ni I I ‘ no ads.
• i Os I I I < 1 4
‘ ’ P b  ‘ ’ I I 1 1.5
: Pd I I < 1 3
. Po IV str. ads.
:-'-.pt IV < 1 3 .6
Kh .. ■’ . I l l < 1 1 .6
IV str. ads.
1 Ru IV < 2 3
: .S b .  : •. I l l 2 3
•* V t . 10 5.5
; So • I l l si. ads.
i . Se IV* > 6 > 1
v. 8n I I < 1 3
IV  ■ 6 4
T a * . . v t . 12 2 .6
T o ' . • V II 4 2 . 5 -
Te IV str. ads.
Th. IV no ads.
. . T i ;• -  I I I  . • si. ads.
. IV 12 1.2
• TI '■ • .'.III < 1 1 .6
■ IV . .  12 2 .5
• VI 12 3
’- 'V .. .. ' -IV ‘ si. ads.
V 12 3
! ‘ w  • VI ‘ 9 1 .6
•: .Y  ; I I I no ads.
■ Zn II* 2 3 .2
: Zr IV . 12 3
■ • * Values of D  for Cd and Zn differ significantly below 2 ill; in 0.1 M  KCl, log D  m l.Of®  ^ i 
j Zn, 2.2 for Cd. i , ]
| t  C r(V I), H g(II), and Sb(V) attack  the  resin.
| $ Values for Nb(V), 8e(lV ), and Ta(V ) aro erratic because of hydrolysis. *
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Fig, I I I .
G rad ien t E lu tio n #
R6SER V IO R
mixing
CHAMBER
ION
EXCHANGE 
COLUMN
B E  -  
A C I O I T E  
FFMAGNETIC
S T IR R E R
O E-ACID iTE f f  
IN 2 M . N C I.
Fig# I I #
Ion-Exchange Column# COLLECTING 
FLASK
B U R E T T E
Gl a s s  r o d
T R A P
MAGNETIC
S T IR R E R
Fig# IV.
lodom etr i c  D eterm in a tio n  
of Tin NICKEL FOIL ■ ICED-COLD WATER
<---
co2
FROM
GAS
CVLINDER
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using  th e  column* The column i s  then  loaded by passage of the  ap p ro p ria te  
solution* G enerally , only a sm all amount of the  t o t a l  r e s in  cap ac ity  of 
the column i s  employed (about 5”15$)«
Two methods f o r  try in g  to  achieve a c le a r  sep a ra tio n  of the  in te r f e r in g  
element from t i n  were adopted*
( a ) Step°wise E lu tio n
A fte r  load in g  the column, an e lu a n t of a p a r t ic u la r  co n cen tra tio n  
i s  passed  down th e  column* The most l i g h t l y  held  complex i s  then  e lu te d . 
Subsequent complexes a re  held  more f irm ly  and w ith  a change to  a more 
concen tra ted  or even to  an o th er e lu a n t,  th ese  in  tu rn ,  a re  e lu te d .
(* ) G radient E lu tio n  [118]
The e s s e n t ia ls  of th i s  method i s  to  con tinuously  in c rease  o r decrease 
the co n cen tra tio n  of th e  e lu a n t.  This i s  achieved f o r  example by an 
apparatus shown in  F ig . H I*  Salmon and R edfem  [118, 119] have d iscussed  
and shown a number of advantages of g rad ie n t e lu tio n  over stepw ise e lu tio n  
in  the  sep a ra tio n  of green chromium phosphate complexes ob ta ined  by ageing 
a so lu tio n  co n ta in in g  chrom ium (lll) and phosphoric a c id  a t  70°C*
I t  I s  p o ss ib le  to  derive  an exp ression  f o r  g iv ing  the  exact 
co n cen tra tio n  of the  e lu a n t e n te r in g  th e  column a f t e r  any given tim e. The 
con cen tra tio n  of the  so lu tio n  e n te r in g  th e  column a t  time t  i s  given by 
E rn st and Redfern [120]
-3 8 -
/ v A °  vG l ( o  -  1 )  + Co
c = " vyV°
e
?/here C » co n cen tra tio n  of e lu a n t leav in g  mixing
chamber a t  time t
G = co n cen tra tio n  of so lu tio n  in  the 
1
re s e rv o ir .
Cq a  i n i t i a l  co n cen tra tio n  of so lu tio n  in  the  mixing 
chamber.
V = volume d e liv e re d  to  the  top of r e s in  column 
a f t e r  time t
Vo a volume of l iq u id  in  mixing chamber (co n stan t
throughout the  experim ent)
I f  the  mixing chamber con tains w ater i n i t i a l l y  then  the  equation  
V/Vo
reduces to  ^ ( e  ** ■*■)
C = V/Vb
e
Reasons f o r  U ndertaking th e  P resen t Work
As can be seen from the  p rev ious s e c tio n , th e re  a re  a number of 
reasons which make i t  w orthwhile to  f u r th e r  the  study of the  a n a ly t ic a l  
chem istry of t i n .
(a )  In  the  q u a n ti ta t iv e  a n a ly s is  of t i n ,  the  common methods used a re  
the g rav im etric  method (in v o lv in g  p r e c ip i ta t io n  w ith  ammonia, n i t r i c  a c id ,  
cup ferron , o r hydrogen su lph ide) and th e  iodom etric method (in v o lv in g
-3 9 -
t i t r a t i o n  w ith  s tandard  iod ine  so lu tio n )*  In  the  g rav im etric  procedure, 
s a t is f a c to ry  r e s u l t s  depend on complete p r e c ip i ta t io n  and complete conversion 
of the  p r e c ip i ta te  which must he f re e  of contam inants to  th e  oxide by- 
ig n itio n *  F or accu ra te  r e s u l t s ,  p u r if ic a t io n  of t i n  oxide i s  needed and 
some p recau tio n s  must be observed; f o r  example, i f  h a lid es  a re  p re se n t they  
must be com pletely removed during washing since th ese  cause v o la t i l i s a t io n  
of t i n  upon ig n i t io n ;  the  p r e c ip i ta te  must be ig n i te d  slow ly to  p reven t 
s p a tte r in g  and d e c re p ita tio n , and good o x id is in g  co n d itio n s  should be 
p reserved  during ig n i t io n  s ince t i n  i s  e a s i ly  reduced and re s ig n a tio n  of 
the  p r e c ip i ta te  to  a co n stan t weight i s  e s s e n t ia l  to  ensure complete 
conversion of the  p r e c ip i ta te  to  th e  oxide* I t  may be concluded th a t  the  
g rav im etric  methods f o r  determ ining t i n  a re  somewhat ted io u s  and tim e- 
consuming*
In  the iodom etric method, since  io d in e  so lu tio n s  them selves a re  
u n stab le  in  sev era l re sp e c ts  ( e ,g .  lo s s  by v o la t i l i s a t i o n ,  co n cen tra tio n  
change due to  o x id a tio n  by a i r  and undergoing d isp ro p o r tio n a tio n ) , s tandard  
so lu tio n s  must be s to re d  and used  w ith  sev e ra l p recau tio n s  and must be 
re« stan d ard ised  daily* Furtherm ore, in  the  iodom etric  procedure f o r  th e  
determ ination  of t o t a l  t i n ,  s a t is f a c to ry  r e s u l t s  depend on the  complete 
red u c tio n  of t i n ( i v )  to  t i n ( l l ) ,  th e re fo re ,  th e  s o lu tio n  to  be t i t r a t e d  
must be kep t under an atmosphere o f gaseous carbon d ioxide and cooled before  
t i t r a t io n *  O bviously, th e re  a re  d i f f i c u l t i e s  to  be overcome in  th i s  
procedure, b o th  in  handling th e  s tandard  iod ine  s o lu tio n , and in  perform ing
-4 0 -
the t i t r a t i o n  in  o rder to  o b ta in  r e p ro d u c ib i l i ty  and accuracy of re su lts*
Thus, i t  i s  in te r e s t in g  and obviously worthy,'bile to  re ~ in v e s tig a te  
the methods of determ ination  of b o th  t i n ( l l )  and tin(XV) by a chela tom etrio  j
t i t r a t io n *  There are  a number of advantages to  be gained in  u s in g  EDTA j
as a t i t r a n t ;  f o r  in s ta n c e , the  s tandard  EDTA i t s e l f  i s  s ta b le  and in  th e  
determ ination  of t i n  i t  i s  unnecessary  to  keep the  so lu tio n  under an 
atmosphere of gaseous carbon d io x id e , and one can perform  t i t r a t i o n s  
w ithout p recu a tio n s  (a s  in  iodom etric method) which should ren d er i t  more 
convenient, more a c c u ra te , and reproducible*
(b ) S tud ies  of the  sep a ra tio n  of t i n  from th e  in te r f e r in g  elem ents which
are always p re se n t in  t i n  a l lo y s ,  c o n ce n tra te s , and o re s , a re  g en e ra lly
c a rr ie d  out by means of p r e c ip i ta t io n ,  so lv en t e x tra c t io n , and d is t i l la t io n *
In  p r e c ip i ta t io n  tech n iq u es , p r e c ip i ta te s  a re  g e n e ra lly  su b jec ted  to  
contam ination by in te r f e r in g  elem ents due to  ad so rp tio n , c o p re c ip ita t io n , or 
occlusion* Solvent e x tra c tio n  methods a re  o ften  u n c e r ta in  due to  incom plete 
e x tra c tio n , co « ex trac tio n  and d i f f i c u l t i e s  in  th e  subsequent removal of j
organic reag en ts  which may in te r f e r e  in  chela tom etrio  t i t r a t io n s *  D i s t i l l «  '
a tio n  techniques need p a r t ic u la r  care  in  th e  p rocedures, and moreover 
th e re  a re  some elem ents which d i s t i l l  over w ith  th e  t i n  d i s t i l l a t e  and 
cause in te r fe re n c e  in  an EDTA t i t r a t i o n ,  f o r  example, a r s e n i c ( l l l )  and 
a n tirn o n y (m ), thus r e d i s t i l l a t i o n  may be required* There appears to  have 
been l i t t l e  p rev ious work on the methods of e s tim a tio n  of t i n  perform ed j
a f t e r  i t s  sep a ra tio n  from in te r f e r in g  sp ec ies  by ion^exchange* For th ese
r-41-
reasons i t  seemed d e s ira b le  to  in v e s tig a te  the a p p lic a tio n  of 
ion-exchange techniques to  the  sep a ra tio n  of t i n  from in te r f e r in g  
elements* In  th e  p re se n t s tu d ie s , emphasis has been p laced  on the  use of 
anion-exchange re s in s  to  achieve the  re q u ire d  sep a ra tio n s  since the  use 
of such re s in s  o f fe r  a wide range f o r  th e  sep ara tio n  of many elem ents as 
oh lo ro - or fluoro-com plexes, f o r  examples*
DETERMINATION OF TBf
The D eterm ination of T in ( l l )  by EDTA T itr a t io n  
D iscussion and Scope of th e  Work
The method used in  the  p re sen t work was e s s e n t ia l ly  th a t  o u tlin ed  
hy Dubsky [ 42] fo r  th e  e s tim a tio n  of t i n ( l l )  in  the presence of t in ( iv )  and 
a n tim o n y (ill) .
In  Dubsby*s method, about 0*1 g . of ammonium f lu o r id e  i s  added to  
a so lu tio n  co n ta in in g  about 50 mg. of t i n ( l l )  and 50 mg. o f t i n ( i v ) .  The 
so lu tio n  i s  ad ju sted  to  a pH of 5*5 -  6 w ith  a p y rid in e  a c e ta te  b u ffe r  
so lu tio n . A fte r the  a d d itio n  o f a few drops of methylthymol b lu e , the  
so lu tio n  i s  t i t r a t e d  w ith  s tandard  EDTA so lu tio n  u n t i l  the  co lour changed 
from b lue to  yellow .
Ammonium f lu o r id e  serves both  as a masking agent fo r  t in ( iv )  p reven ting  
i t s  re a c tio n s  w ith  EDTA and w ith  methylthymol b lue and a lso  as a reagen t fo r  
p reven ting  the  h y d ro ly s is  and p r e c ip i ta t io n  of t i n ( l l )  when the pH of the  
so lu tio n  being t i t r a t e d  was in creased  to  5 .5  -  6.
The i n i t i a l  pH of th e  t i n ( l l )  s o lu tio n  must always be kep t low to  
p revent h y d ro ly s is  as any p r e c ip i ta te  formed i s  slow to  d is so lv e . A 
considerab le  amount of p y rid in e  a c e ta te  b u ffe r  has to be u.sed to  n e u tra l is e  
the excess ac id  and to  r a is e  the  pH to  the req u ired  le v e l .  In  the course 
of th is  work i t  was found th a t  the use of p y rid in e  ace ta tp  b u ffe r  follow ed by 
ammonium hydroxide s o lu tio n  (about 2 M*) gave the  b es t r e s u l t s  (which
are d iscussed  on p.- 4 3 ) . Sodium hydroxide could no t be used s in ce  
i t  caused p r e c ip i ta t io n  befo re  the  req u ired  pH was achieved.
•=*4-3ra
For t h i s  reason , a m o d ifica tio n  of the Dubsky method seemed d e s ira b le .
D e ta ils  of m odified Dubsky method fo r  determ ining t i n ( l l )
About 0 .1  g . of s o lid  ammonium f lu o r id e  was added to a t i n ( l l )  
so lu tio n  co n ta in in g  about 10 mg. of t i n  ( i . e .  10 ml. of 0.05 M. in  about 
1 to  1.5 M. hyd roch lo ric  a c id ) .  About 20 ml. of p y rid in e  a c e ta te  b u ffe r  
(pH 5 .8) was added to  the  s o lu tio n . A s u f f ic ie n t  amount of 2 M. ammonium 
hydroxide was added to  the  so lu tio n  to  b rin g  the pH of the s o lu tio n  up to  
5.5 to  6 (observed by pH m ete r). A fter the ad d itio n  of 4 drops of m ethyl- 
thymol b lue (MTB) (0 ,j/°  w /v), the  so lu tio n  was t i t r a t e d  w ith  s tandard  EDTA 
so lu tio n  u n t i l  the  co lour changed from blue to  yellow  a t  the end p o in t.
I t  was decided to  employ th is  m odified method in  the determ ination  of 
t i n ( l l )  and to  study the  fo llow ing  p o in ts  .
(a) The co n sis ten cy  and re p ro d u c ib il i ty  of the t i t r a t i o n  method.
(b) Comparison of r e s u l t s  obtained  by th is  method w ith  those 
obtained from standard  io d im e tric  method.
(c) The determ ina tion  of t i n ( l l )  in  the  presence of some c e r ta in  
in te r f e r in g  io n s .
M ateria ls  used in  the  tin (_ Il) experim ental workir  r»- r~ ri- ifr- ir~ t i 'Mh i»  riawim •■mi.  nwiitniiiin nnntm ii i m r i w i  -T im -iT -i s  w i-nW w r r T i n iiffrr-n~'TirfnT ~ir~ -i — i * • •   — < i   r
(1) Apparatus
Volumetric apparatus ; B u re tte s , p ip e t te s ,  and volum etric 
f la sk s  were of grade A q u a lity  w ith  c a lib ra te d  c e r t i f i c a t e s .  They were 
cleaned w ith  chromic ac id  m ix tu re . before  u se .
ca/[■/[-»»
A pparatus f o r  the  measurement of pH s A d ire c t  read ing  pH m eter,
Model 23A (E le c tro n ic s  Instrum ent L td ., Richmond, England) w ith  a g la ss  
e lec tro d e  capable of m easuring to  a wide range of pH and a calomel 
e lec tro d e  was used.
(2 ) Water : A ll w ater used was d e -io n ised  w ater. I t  was
prepared by p assing  o rd ina ry  d i s t i l l e d  w ater through a column f i l l e d  w ith
nB io~dem inrolit,, N 17 Perm utit ion-exchange mixed-bead r e s in .  The r e s u l t in g
d e-io n ised  w ater con tained  only 0.02 -  0.04 p.p .m . of s o lid  re s id u e  and i t s
-6  -6s p e c if ic  c o n d u c tiv ity  was about 0 .2  x 10 to  0.05 x 10 mho. This w ater 
was s to red  in  poly thene b o t t l e s .
(5) Reagents : Wherever p o ss ib le , chem icals of h igh  a n a ly t ic a l
grade (AnalaR) were used.
(4 ) P rep a ra tio n  o f S o lu tions
T in ( l l )  s o lu tio n  (**0.05 M.) About 3 g . of AnalaR m e ta llic  
t i n  (99.92$) w ith  250 ml. hydroch lo ric  ac id  (3 :2 ) was d isso lved  in  500 ml. 
co n ica l f la s k  covered w ith  watch g la ss  on a w ater ba th  (70 -  80°C). A fte r 
the m etal had d isso lv ed  the  so lu tio n  was cooled and tra n s fe r re d  q u a n ti ta t iv e ly  
to  500 ml. vo lum etric  f la s k ,  d ilu te d  to  th e  mark w ith  a i r - f r e e  deion ised  
w ater. The so lu tio n  was kep t under an atmosphere of n itro g en  of carbon 
d io x id e .,
EDTA stan d ard  s o lu tio n  (^>0.05 M.) s About 18.613 g. of AnalaR 
disodium dihydrogen e th y le n e d iam in e te tra -ac e ta te  (d rie d  a t  80°C) was d isso lv ed
in  deion ised  w ater and then  d ilu te d  to  1 l i t r e  in  a volum etric f la s k .  The 
so lu tio n  was s to re d  in  a polythene b o t t l e .  The con cen tra tio n  of the EDTA 
so lu tio n  was determ ined by t i t r a t i o n  w ith a s tandard  zinc su lphate
so lu tio n  (0.0500 M.) using  Eriochrome Black T as the  in d ic a to r .
P y rid in e  a c e ta te  b u ffe r  (pH 5.5 -  6 .0 ) : About 40 ml. of anhydrous
a c e tic  ac id  (ob ta ined  by f re e z in g  g la c ia l  a c e tic  ac id  a t  ^ 1 6 °C ) was mixed 
w ith 200 ml. of p y rid in e  and d ilu te d  to  1 l i t r e  w ith  w ater. The so lu tio n  
was s to red  in  a g lass -s to p p e red  b o t t l e .
S tandard Iodine so lu tio n  (-^0.1  IT.) : About 20 g. of potassium
iod ide  was d isso lv ed  in  30 -  40 ml, of w ater in  a g la ss -s to p p e red  1 l i t r e
f la s k .  To th i s  so lu tio n , about 12.7 g . of re-sub lim ed  iod ine  was added.
A fter a l l  the  io d in e  had d isso lv ed , the  so lu tio n  was made up to  the  mark 
w ith w ater. The so lu tio n  was s tan d a rd ised  a g a in s t a standard  sodium a rs e n ite  
so lu tio n  (w ith  Na^HPO^/HaH^PO^ b u ffe r)  according to  the  procedure described  
in  the  re fe ren ce  [ l 2 l ] .
The so lu tio n  was re -s ta n d a rd ise d  every time before  use .
Methylthymol Blue In d ic a to r  ( ^  0 .3$ w/v) : About 0.06 g . of
methylthymol b lue  (m etallochrom ic in d ic a to r)  w ith  about 6 g . of potassium  
n i t r a te  was d isso lv ed  in  20 ml. of d e-io n ised  w ater.
R esults
Comparison of r e s u l t s  ob tained  by th is  method to  those ob tained  from standard  
iodom etric method
The m odified method of Dubsky was found to  be of s a t is f a c to ry  fo r  th e  
es tim atio n  of t i n ( l l ) .  Tables7 and 8 in d ic a te d  th e  r e s u l t s  o b ta in ab le  from
the above method and from iodom etric method [ l2 l ]  r e sp e c tiv e ly . The values o f 
m o larity  of t i n ( l l )  so lu tio n s  determ ined by the  two methods d i f f e r  by about 
0.2&
Table 9 and 10 showed th e  consistency  and r e p ro d u c ib il i ty  of th e  modi­
f ie d  method which i s  d iscussed  l a t e r  (p . 47)*
I t  was e s s e n t ia l  to  adhere s t r i c t l y  to  the  procedure to  o b ta in  
s a tis fa c to ry  r e s u l t s  and to  observe c lo se ly  on th e  fo llow ing p o in ts ,
(1) T in ( l l )  so lu tio n  was e a s ily  ox id ised  by a i r  and th e re fo re  the 
so lu tio n  had to  be kep t under an atmosphere of n itro g en  or carbon dioxide* 
Experiments were c a r r ie d  out to  study the  change of e v e n t r a t io n  of t i n ( l l )  
in  the so lu tio n  both when i t  was s to re d  under normal cond itions ( i . e ,  in  a 
t ig h t ly  stoppered  b o t t le )  and when i t  was s to re d  under an atmosphere o f 
n itro g en . I t  was found th a t  the  s to ck  so lu tio n  of t i n ( l l )  could be s to red  
under an atmosphere of n itro g e n  (see  Tables 11, 12 and P ig  IV ). F u rth e r 
experiments were c a r r ie d  out u sing  v arious a n ti-o x id a n ts  such as su lphur 
dioxide gas, hydrazine , and hydroxylamine hydroch lo ride , which were added 
to  the s o lu tio n . I t  was found th a t  su lphur d ioxide gas could no t be used 
s ince p r e c ip i ta t io n  of su lphur occurred on passing  the  gas through the 
solution* N either hydrazine nor hydroxylamine hydroch loride in h ib i te d  th e  
a e r ia l  o x id a tio n  to  any s ig n if ic a n t  e x te n t,
( 2 ) The amount of ammonium f lu o r id e  added had to  be c lo se ly  c o n tro lle d , 
s ince i t  was found th a t  an excess amount of f lu o r id e  a ffe c te d  the  co lou r of
the t in - in d ic a to r  complex and in te r f e re d  w ith  the  co lour change a t  the
end-point (see  Tables 13 and 14 and d iscu ss io n  a t  the  bottom ).
Experiments were c a r r ie d  out i n  which the amount of ammonium
flu o r id e  added to  the  t i n ( l l )  so lu tio n  was v a r ie d . The r e s u l t s  of these
are s\unmarised in  the  Tables 13, 14, 15, 16 and 17. The re la t io n s h ip
between g . of M ^F/m l. of S n ( ll)  to  ml, of EDTA/ml. of S n ( ll)  from Table
14 were p lo t te d  and as shown in  F igure 7 .
From th ese  r e s u l t s ,  i t  was concluded th a t  in  the  determ ina tion  of
t i n ( l l )  by d ire c t  EDTA t i t r a t i o n  usin g  methylthymol b lue as in d ic a to r ,
about 58 mg. of t i n ( l l )  p resen t in  the so lu tio n  con ta in in g  about 1 -  1.5 M.
of hydroch lo ric  a c id , the s u ita b le  amount of ammonium f lu o r id e  to  add was
from 0 .1  to  0 .2  g . (o r  0.01 g. to  0.02 g of ammonium f lu o r id e  p e r m l, of
about 0.005 M. t i n ( l l )  s o lu t io n ) .  I f  th e  amount of f lu o r id e  was le s s  than
0 .1  g . ,  the  h y d ro ly s is  and p re c ip i ta t io n  of t i n ( l l )  occurred and i f  the
ammonium f lu o r id e  was p re sen t over 0 .2  g . i t  caused d is to r t io n  of the co lour
of th e  t in - in d ic a to r  complex ( i . e .  in s te a d  of o b ta in in g  a b lue t in - in d ic a to r
complex, a red d ish -b lu e  complex was obtained) and in te r f e re d  w ith  the
colour change a t  th e  end p o in t ( i . e . ,  the  delay o f the co lour change a t  the
Wxdzrf v
end p o in t occurred , thus causing  ©v.©» t i t r a t i o n ; ,  see Table 13*
The consis tency  and re p ro d u c ib i l i ty  the  t i n ( l l )  EDTA t i t r a t i o n  method
In  the  study  of th e  co n sis ten cy  o f the  t i n ( l l )  EDTA t i t r a t i o n  method, 
vary ing  amounts of t i n ( l l )  s o lu tio n  were used, namely from 1 ml. to  25 ml* 
of about 0 .5  M. s o lu tio n  (o r  about 5 mg. -  125 mg. of t i n ) .  The amount
of ammonium f lu o r id e  added was v a r ie d  according to  the r a t io  of .-•* 
g, KH.F/ml* S n ( ll)  as in d ic a te d  in  Table 13* Throughout the  s e r ie s  of 
experim ents, the volume of the  p y rid in e  a c e ta te  b u ffe r  and of ammonium 
hydroxide added was based 011 the  in form ation  shown in  Table 13*
The r e s u l t s  obtained  are  shown in  Table 9* The t i t r a t i o n  method 
was s e lf - c o n s is te n t  in  the  range o f 10 -  145 mg. of t i n .  The v a r ia t io n  was 
w ith in  i  0*4$.
In  studying  the re p ro d u c ib i l i ty  of th e  method, the  volume of t i n ( l l )  
was fix ed  a t  10 ml. (about 58 mg. of t i n ) .  R esu lts  were rep ro d u c ib le
w ith in  the  range of -  0 .3$  as shown in  Table 10*
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Table 7. EDTA t i t r a t i o n  method fo r t i n ( l l )  
S n ( l l )  so lu tio n  (c)
EDTA 0.0507 M.
MTB = Methylthymol Blue
S n ( ll)
(m l.)
NELF4
(®)
B uffer
(m l.)
HH.0H4
(m l.)
MTB 
( drops)
EDTA
(m l.)*
pH a t  
end p t .
m o la rity  of 
Sn 
(found)
10.00 0.10 20 13 4 9.62 5.65 0.0488
10.00 0.10 20 13 4 9.61 5.60 0.0487
10.00 0.10 20 13 4 9*63 5.60 0.0488
25.00 0.25 50 32.5 10 24.05 5.65 0.0488
25.00 0.25 50 32.5 10 24.06 5.65 0.0488
25.00 0.25 50 32.5 10 24.03 5.67 0.0487
*
obtained  by average of two t i t r a t i o n s
Table 8 . Iodam etric method fo r t i n ( l l )
S n ( ll)  so lu tio n  (c)
S tarch  s o lu tio n  ifo w/v
so lu tio n  0.1006 N.
(The procedure was c a r r ie d  out as same as described  in  [ l 2 l ] )
S n ( ll)
.__ .(m l,l
H2°
... (m l.)........
S tarch  
___(m l.) .
I  used
.....(m l.J*
M olarity  of Sn 
(found)
24.97 50 2 24.18 0.0487
24.97 50 2 24.18 0.0487
24.97 50 2 24.19 0.0487
obtained  by one t i t r a t i o n
“ 5 0 -
Table 9
Study, of the  se lf -c o n s is te n c y  of S n ( ll)  EDTA t i t r a t i o n  
S n ( ll)  s o lu tio n  (b )
EDTA 0.0509 M.
S n ( ll)
ml*
*
EDTA used 
(mean m l.)
ml. EDTA used 
ml, S n ( ll)
1.00 0.95 0.950
2.00 1.92 0.960
3.00 2,89 0,963
4*00 3.84 0,960
5.00 4.81 0.962
10.00 9.60 0.960
15 #00 14.41 0.961
20.00 19.18 0.959
25.00 24.04 0.962
ml* o f EDTA used was obtained  by the average of two t i t r a t i o n s  
S e lf-c o n s is ten c y  was expressed as th e  r a t io  of ml* EDTA 
used in  the  t i t r a t i o n  to  m l. of t i n ( l l )  employed.
Table 10
Study of th e  r e p ro d u c ib il i ty  of S n ( ll)  EDTA t i t r a t i o n  
S n ( ll)  so lu tio n  (h )
EDTA 0.0509 M 
B uffer pH 6
S n ( ll)
(ml-*.)..
m Av4 B uffer 
(m l.)
EEL OH 4
_ (m l.)
MTB
(drops)
EDTA
(m l.)
pH a t  
end n t .
10 0 .1 20 12 4 9.58 5.90
10 0 .1 20 12 4 9.58 5.80
10 0 .1 20 12 4 9.58 5.85
10 0 .1 20 12 4 9.5 6 5.83
10 0 .1 20 12 4 9.59 5.85
10 0 .1 20 12 —4___ .2*51—
Table 11
Study o f the  r a te  of change of co n cen tra tio n  of S n ( ll)  s to ck  so lu tio n  
S n ( I I ) so lu tio n  ( j )  [u s in g  o rd ina ry  d i s t i l l e d  w ater and keeping in  
o rd inary  stoppered  f la sk ]
EDTA 0.0509 M. and 0.0497 M.
Day S n ( ll)
..Xml,.)
m  a?
( 4 )
B uffer 
....(m l.) .
NH.OH
(m l.)
EDTA pH a t  
(m l.) end p t .
M olarity  of 
S n ( ll)
0 10 0 .1 20 13 9.80* 5.70 0.0490
1 10 0 .1 20 9,50 5.65 **
0,0475
2 10 0 .1 20 15 9.32 5.70 **
0.0463
5 10 0 ,1 20 13 9.13 5.70 0.0454
4 - - - - «... -  •
5 - - -
** -6 10 0 ,1 20 13 8.20 5.70 
**
0.0408
.,.,..7. 10 0 .1 20 13 7.39 5*12 0.0367
** fo r  EDTA 0.0509 M. 
f o r  EDTA 0,0497 M.
Table 12
S n ( ll)  s o lu tio n  (r) [u s in g  a i r - f r e e  w ater fo r  d i lu t in g  and keeping
the  so lu tio n  under an atmosphere of Ng]
The t i t r a t i o n s  were c a r r ie d  out under co n d itio n s  :
( i )  w ithout the  ad d itio n  of hydroxylamine hydroch loride before  
t i t r a t i o n .
( i i )  w ith  the  ad d itio n  of hydroxylamine hydroch loride before  t i t r a t i o n .
Day. S n l n i
ml.
1IEL0H.HC12r— -
(g .)
M j l
(g*)
B uffer
(m l.)
M 4OH
(m l.)
EDTA
(m l.)
pH a t M olarity  
o f Sn
0 10 •* *“* 0 .1 20 12 9.80 5.70 0.0487
10 3.0 0 .1 20 21 9.81 5.81 0.0487
1 10 - 0 .1 20 12 9.80 5.60 0.0487
10 3.0 0 .1 20 19 9.82 5.70 0.0488
2 10 - 0 .1 20 12 9.82 5.60 0.0488
10 3 .0 0 .1 20 20 9.84 5.75 0.0489
3 10 - 0 .1 20 12 9.83 5.65 0.0488
10 . 3 .0 0 .1 20 18 9.82 5.70 0.0488
6 10 - 0 .1 20 12 9.80 5.60 0.0487
10 3.0 0 .1 20 18 9.80 5.65 0.0487
v' i. • -
!b.*
11
!.
SiiSLi—X.* Change of Concentration of Tin(II) Solution#
A • Tin(Il) in distilled water*.
B I Tin(ll) in air-free watery \
kept under nitrogen#
( C  S Tin(Il) in air-free water* kept under
nitrogen, added hydroxylamine hydrochloride 
before titration#
>-
5
<
- j
=@=
2 5
Table 13 E ffec t of f lu o r id e  on t i n ( l l )  EDTA t i t r a t i o n
S n ( ll)  s o lu tio n  (3.0007 g. ANALAR t i n  in  HC1 (3 :2 ) 250 m l>~0.05 M* 
EDTA 0.0507 M.
Methylthymol Blue 0 .3^  w /v. (MTB)
3 n (li) NH F B uffer NH.OH MTB EDTA
_____ — —  —.. — - ----------  ----  -
pH a t  Colour of Sn-MTB
(m l.) T i t r (m l.) *T>i3 (drops) (m l.) end p t .  complex before t i t r a t i o n
10 0.1000 20 13 4 9.79 5.65 )
25 0.2503 50 32.5 10 24.48 5.65 )\
10 0.1500 20 13 4 9.79 5.67 )) pi up
25 0.3760 50 32.5 10 24.49 5.70 j Uv )
10 0.2003 20 13.8 4 9.79 5.70 )
25 0.5010 50 32.5 10 24.45 ,5 .7 5 )
10 0.3011 20 13 4 9.70 > 5.75 ) -
25 0.7506 50 32.5 10 24.23 5.72 )
10 0.4000 20 13 4 9.63 5.80 )\ Reddish
25 1.0011 50 32.5 10 24.06 5.75
10 0.5001 20 13 4 9.58 5.75 j
25 1.2515 50 32.5 10 23.90 5.75 )
10 0.6004 20 13 4 9.45 5.82 )
25 1.5000 50 32.5 10 23.62 5.80 )
10 0.8008 20 13 4 9.30 5.82 j B lu ish  Teel
25 2.0000 50 32.5 10 23.30 5.82
I «L w  vw
10 1.0011 20 13 4 9.18 5.90 )
25 2.5013 50 32.5 10 23.00 5.95 )
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Table 14
8131111113x7  o f R esu lts g iven  in  Table 13
ml, EDTA/ml S n ( ll)  
fo r  10 ml. Sn soIn .
ml, EDTA/ml,Sn(II)
0*0100 0.979 0.979
0*0150 0.979 0.980
0*0200 0.979 0.978
0.0300 0.970 0.969
0*0400 0.963 0.962
0*0500 0.958 0.956
0.0600 0.945 0.945
0.0800 0.930 0.932
0.1000 0.918 0.920 
U~.. .. . ............... ...... .....
Table 15
S n ( ll)  s o lu tio n  (k ) [Kept under CO^  atmosphere] 
EDTA 0,0507 M.
MTB 0.3/^ w/v (3  mg./ml.)
F resh ly  prepared
S n ( ll)  
.(ml).....
rn^F
(g .)
B uffer 
_ (m l.)
Nh^ OH
(m l.)
MTB
(drop)
EDTA
(m l.)
pH a t  
end p t . m l.S n (ll)
ml,EDTA 
m l.S n (ll)
10 0.1025 20 9.5 4 9# 71 5.80 0.01025 0.971
10 0.1531 20 9 .5 4 9.71 5.60 0.01531 0.971
10 0.2001 20 9.5 4 9.71 5.70 0.02001 0.971
10 0.2529 20 9.5 4 9.70 5.70 0.02529 0.970
10 0,3991 20 9.5 4 9.56 5.60 0.03991 0.956
10 0.6009 20 9.5 4 9.40 5.70 0,06009 0.940
10 0.8025 20 . 4 9-24 0.08025 0.924
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Table 16
S n ( ll)  so lu tio n  (k) [Kept under CO atmosphere] 
EDTA 0.0507 M. d
MTB 0 .5^  w/v (3 .9  mg./ml.
A fte r  2 days
(m l.)
M  F 
(g .)
3uffer
(m l.)
NH„0H
(m l.)
1TB 
( drop)
EDTA t>H a t g.HH,E
m l.S n(ll)
ml.EDTA
(m l.) end p t m l.S n .(ll)
10 0.1006 20 9.5 4 9.71 5.70 0.01006 0.971
10 0.1515 20 9.5 4 9.71 5.60 0.01515 0.971
10 0.2012 20 9.5 4 9.71 5.75 0.02012 0.971
10 0.2510 20 9.5 4 9.69 5.72 0.02510 0.969
10 0.4008 20 9.5 4 9.57 5.75 0.04008 0.957
10 0.6009 20 9.5 4 9.40 5.80 0.06009 0.940
10 0.8007 20 4 5.80 0.08007
Table 17
S n ( ll)  so lu tion(K ) [Kept under C09 atmosphere] 
EDTA 0.0507 M. *
MTB 0 .3^  w/ t  (3*2 m g./m l.)
A fte r 7 days
M i l ) eh ,e
( g .) ____
3uffer EH, OH 
(ml J_ .
MTB
(droT>)
EDTA pH a t J? ml.EDTA
^ImlJ___ (m l.) „ (m l.) end p t .
4
ml.Sn(n) m l.S n (ll)
10 0.1016 20 9.5 4 9.70 5.70 0.01016 0.970
10 0.1502 20 9.5 4 9.70 5.72 0.01502 0.970
10 0.2000 20 9.5 4 9.70 5.80 0.02000 0.970
10 0.2514 20 9.5 4 9.69 5.80 0.02514 0.969
10 0.4005 20 9.5 4 9.57 5.80 0.04005 0.957
10 0.6003 20 9.5 4 9.39 5.85 0.06003 0.939
10 0.8011
i
20 9.5 4 9.22 5.85 0.08011 0.922
ml 
ED
TA
 
/m
l. 
Sn 
(if
)
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Fig. VI.
Effect of Ammonium Fluoride in Tin(ll) EDTA Titration
0.98 O: lOml.Snf/i) 
® : 25 ml. Sn(n)
0.94
0.93
0.92
0.04
x o ^ Q c a
Determ ina tion  of t i n ( l l )  in  the presence of some in te r f e r in g  ions
(a) In  the  presence of some anions
Anions which a re  u su a lly  p resen t in  the t i n  so lu tio n  are  c h lo rid e , 
"bromide, n i t r a t e  o r su lp h a te . Thus in  the  determ ination  of t i n ( l l )  by an 
EDTA t i t r a t i o n  i t  i s  necessary  to  study the  e f fe c t  of these  and o th er anions 
upon the  t i t r a t i o n ,  in  p a r t ic u la r  those -which are  known to  p r e c ip i ta te  t i n ( l l ) .  
Experiments were c a r r ie d  out to  study the  e f f e c t  of c h lo r id e , bromide, 
n i t r a t e ,  su lp h a te , a rsen a te  and phosphate on the  t i t r a t i o n .  Some d e ta i l s  
and r e s u l t s  are  as fo llow s :~
( l )  C h lo rid e , bromide, n i t r a t e  and su lp h ate  : S o lid  sodium c h lo r id e ,
potassium  bromide, potassium  n i t r a t e  and sodium su lphate  decahydrate vere 
used in  each experim ent. The cond itions of the t i t r a t i o n s  were the  same 
in  re sp ec t of th e  volume of so lu tio n  co n cen tra tio n  o f t i n ,  b u f fe r  s o lu tio n  
and so on, the  in te r f e r in g  anion was added to  the t i n ( l l )  so lu tio n , follow ed 
by ammonium f lu o r id e ,  b u ffe r  and ammonium hydroxide, then  the s o lu tio n  was 
t i t r a t e d  w ith  s tandard  EDTA s o lu tio n  using  f re s h ly  prepared  methylthymol 
blue as the  in d ic a to r ,  the  pH a t  th e  end p o in t was observed by a pH m eter. 
R esults a re  shown in  Tables 18,19,20 and 21 re sp e c tiv e ly . Prom th ese  
r e s u l t s ,  i t  was concluded th a t  ch lo rid e  (up to  1 ; 100 Sn : Cl mole r a t io )  
bromide (up to  1 s 50 Sn : Br mole r a t io ) ,  n i t r a t e  (up to  1 ; 20 Sn ; NO^  
mole r a t io )  and su lp h a te  (up to  1 : 20 Sn : SO  ^ mole r a t io )  d id  no t in te r f e r e  
in  the  t i t r a t i o n  of t i n ( l l ) .
( 2) Phosphate and a rsen a te  S o lid  disodium monohydrogen a rse n a te
heptahydrate and disodium monohydrogen phosphate dodecahydrate were employed
in  th ese  experim ents. The amounts of s a l t  added was f ix ed  a t  the  r a t io  of
Sn : PO. o r Sn : AsO, of 1 : 1. th e  amount of ammonium f lu o r id e  was v a ried  4 4 *
w ith in  the  ap p lic ab le  range of 0*1 -  0 .2  g. R esu lts  a re  shown in  Tables 22 
and 23 . I t  was found th a t  t i n ( l l )  could only be determ ined i n  the  presence 
of phosphate or a rsen a te  a t  the  mole r a t io  of Sn : PO  ^ or Sn : AsO  ^ of 1 : 1 
by using  about 0 .017  g . of ammonium f lu o r id e  per ml. of t i n ( l l )  s o lu tio n .
Higher co n cen tra tio n  of phosphate o r a rse n a te  caused p r e c ip i ta t io n  of t i n  
before the pH o f the  so lu tio n  was achieved by the  a d d itio n  of th e  b u ffe r  and 
ammonium hydroxide.
(b) In  the  p resence of t in ( iv )  : The determ ina tion  of t i n ( l l )  in
the presence of tin ( lV )  were c a r r ie d  out by adding vary ing  amounts of t in ( r v )  |
ch lo rid e  so lu tio n  (of approxim ately the  same co n cen tra tio n  as of t i n ( l l )  
so lu tio n ) to  10 ml* of a t i n ( l l )  so lu tio n . The amount of ammonium f lu o r id e  
was f ix e d  a t  0,01 g, per m l. of t i n ( l l )  so lu tio n . I t  was found th a t  i f
the mole r a t io  of t i n ( l l )  to  t in ( iv )  in  the so lu tio n  was 1 : 1 , 2 : 1  o r 4 s  1 /
t i t r a t i o n s  could no t be c a r r ie d  out s ince  t in ( iv )  caused p r e c ip i ta t io n  befo re  
the req u ired  pH of the so lu tio n  being  t i t r a t e d  was achieved by th e  ad d itio n  
of the b u ffe r  s o lu tio n . I f  t in ( iv )  was p re se n t in  the r a t io  of S n ( ll )  :
Sn(iv) about 5 ; 1 , the  t i t r a t i o n  o f t i n ( l l )  could, however, be performed 
and the  r e s u l t s  then  ob tained  a re  shown in  Table 24.
Table 18
Study of the  e f fe c t  of ch lo rid e  on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  s o lu tio n  (p)
EDTA 0.0497 M..
NaCl (AnalaR)
S n ( l l l
(m l.)
NaCl
(g .)
Sn:Cl
(mole ratio ) (g .)
B uffer
(m l.)
NH^ OH
(m l.)
EDTA
(m l.)
tdH a t  
end p t .
10 — - 0 .1 20 6 9.68 5.65
10 0.03 1 s 1 0 .1 20 6 9.67 5.60
10 0.06 1 : 2 0 .1 20 6 9.68 5.70
10 0 .12 1 2 4 0 .1 20 6 9.67 5.65
10 0.24 1 : 8 0 .1 20 6 9.66 5.70
10 0 .3 0 1 ; 10 0 .1 20 6 9.68 5 .60
10 1 : 100 0 .1 20 6 9.67 5.60
Table 19
Study of the e f fe c t  o f bromide on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  s o lu tio n  (m)
EDTA 0.0497 M.
KBr (AnalaR)
S n ( ll)  
. (ml. )
KBr
(# .)
Sn;Br
(mole ratio)
NELF
feA
B uffer 
(ml .1 ....
NH,0H
(m l.)
EDTA
..Xml.A
pH a t  
end p t .
10 — 0 .1 20 6 9.58 5.65
10 0*06 1 2 1 0 .1 20 6 9.60 5.65
10 0 .12 1 2 2 0 .1 20 6 9.60 5.60
10 0.24 1 : 4 0 .1 20 6 9.58 5.70
10 0.48 1 2 8 0 .1 20 6 9.58 5.80
10 0.60 1 : 10 0 .1 20 6 9.58 5.75
10 3.05 1 2 50 0 .1 20 6 9.60 5.70
Table 20
Study of the e f fe c t  of n i t r a t e  on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  so lu tio n  (n)
EDTA 0.0497 
KUO* (AnalaR)D
(m l.)
KR0„
( g j
Sn : N0„--------------- ”9
(mole ra t io ) (g_.)
B uffer
(m l.)
.UH OH 
(m l.)
EDTA
(m l.)
pH a t  
end p t .
10 - 0 .1 20 7 9.56 5.75
10 0.05 1 1 0 .1 20 7 9.56 5.70
10 0 .10 1 2 0 .1 20 7 9.55 5.75
10 0 .20 1 4 0 .1 20 7 9.58 5.70
10 0.40 1 8 0 .1 20 7 9.58 5.70
10 0.50 1 10 0 .1 20 7 9.58 5.75
10 1 .00  ; 1 20 0 .1 20 7 -2*57 _ 5.75
Table 21
Study of the  e f f e c t  of su lp h ate  on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  s o lu tio n  (?)
EDTA 0.0497 M.
Na2S04 #10H20 (AnalaR)
S n ( ll) Sn;S04 M 4I B uffer ML OH —- EDTA pH a t
(ml.)j (g«) (molSraiiq (g .) (g .) (m l.) (m l.) end p t .
10
“
0 .1 20 6 9.68 5.70
10 0.16 L ; 1 0 .1 20 6 9 .68 5.70
10 0.52 ‘ L s 2 0 .1 20 6 9.66 5.65
10 0.64 I : 4 0 .1 20 6 9.67 5.70
10 . ' 1.29 I  : 8 0 ,1 20 6 9.66 5.70
10 1.61 I  ; 10 0 .1 20 6 9 .68 5.70
10 2.25 1 s 20 0 .1 20 6 9.67 5.75
Table 22
Study of the e f fe c t  of phosphate on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  so lu tio n  (e )
EDTA so lu tio n  : 0.0507 M.
Na2HP04 .12 H20 : (AnalaR)
S n ( l l )  
(m l,)
PhosphateH g T * Sn:P0
(mole r a t io )
HH.F
H D
B uffer
(m l.)
UH.OH
7 S T 7 )
EDTA
(m l.)
pH a t  
end p o in t
10 mm 0.1015 20 10 9.68 5.50 *
10 0.1810 1:1 •0.1011 20 4 .6 — pp t.5 .1 5 *
10 0.1818 1:1 0,1504 20 9.4 - pp t.5 .4 9 *
10 0.1820 1:1 0,1691 20 10.9 - p p t.5 .6 0 *
10 0.1795 1:1 0.1907 20 13.0 - P P t.5 .75
10 0.1804 1:1 0,1722 I 20___L ______-
10
L______ 9,66__ 5.50
meant th a t  th e  p r e c ip i ta t io n  occurred a t  th e  sp e c if ie d  pH,
Table 25
Study of the e f fe c t  of a rsen a te  on S n ( ll)  EDTA t i t r a t i o n
S n ( ll)  s o lu tio n  (e )
EDTA 0.0507 M.
Ka2HAs04 .7H20
S n ( ll)
(m l.)
A rsenate Sn:AsO, HH,F 
(mole r i t i o )  TgfT
B uffer ML oh
( s i r
EDTA
(m l.)
pH a t  
end p o in t
10 — - 0,1010 20 10 9.68 5.55*
10 0.1506 1:1 0.1015 20 5 .0 - pp t.5 .2 0 *
10 0.1502 1:1 0.1212 20 7.5 - p p t.5 .3 3 *
10 0.1508 1:1 0.1505 20 9 .3 — p p t.5 .4 7 *
10 0.1510 1:1 0.1702 20 11.1 - p p t.5 .6 2 *
10 0.1506 1:1 0.2001 20 13.0 - p p t.5 .7 4
10 0.1504 1:1 0.1695 20 10 9.67 5.53
10 0,0801 2:1 0.1056 20 10 9.67 5.50
meant th a t  the  p r e c ip i ta t io n  occurred a t  the  sp e c if ie d  pH.
Table 24
EDTA of t i t r a t i o n  o f S n ( ll)  in  the p r e s e n c e  of Sn(lV)
S n ( ll)  so lu tion(G )
S n(iv) so lu tio n  : 0,0486 M. of SnC1^.5H20 in  d i lu te  hydroch lo ric  ac id . 
EDTA s o lu tio n  : 0,0507 M,
S n ( ll)
(ml*)
Sn(XV)
(m l.)
S n (ll) :S n (lV ) 
(mole r a t io )
m A¥
(g i)
B uffer
(m l.)
o 
•
@
*3
|
EDTA
(m l.)
■pH a t  
end p t .
10 - •m 0.1002 20 11 9.71 5.70
10 10 111 0.1013 20 5 - ( p p t . 3.65)
10 5 2:1 0.1000 20 10 - ( p p t . 5 .05)*
10 2,5 4 :1 0.1021 20 11 - (p p t . 5 .40)*
10 2 .0 5:1 0.1002 20 11.5 - ( p p t . 5 .60)*
10 2*0 5:1 0.1015
L_ _ _ _ _ J
20 11 9.72 5.50
meant th e  p r e c ip i ta t io n  occurred a t  th e  sp e c if ie d  pH 
Conclusion and D iscussion  >u the  D eterm ination of T in ( n )
Erom th e  previous experim ental r e s u l t s ,  i t  may be concluded th a t  
t i n ( l l )  can be determ ined by d i r e c t  EDTA t i t r a t i o n  u sin g  met 1^1 thymol b lue 
as an in d ic a to r  in  th e  range of pH 5*5 to  6*0 using  p y rid in e  ace tic  a c id  as  a 
b u ffe r  s o lu tio n , A s u ita b le  amount of ammonium f lu o r id e  should be added to  
prevent th e  hyd ro ly sis  of t i n ( l l )  when the  so lu tio n  being  t i t r a t e d  i s  
brought up to  th e  req u ire d  pH le v e l  and to  mask a sm all amount of tin (lV ’) 
p re se n t. The method works w ell in  the  range of 58 mg, to  125 mg. of t i n .
The s u ita b le  amount of ammonium f lu o r id e  added i s  from 0*01 to  0*02 g . p e r  
ml# of 0*05 M* t i n ( l l )  so lu tio n  in  about 1 » 1*5 M* hydroch loric  acid#
The r e s u l t s  ob ta ined  from th e  EDTA method and from the  s tandard  
iodom etrio method a re  the  same w ith in  th e  experim ental e r ro r  (approxim ately  
-  0*1$ d ev ia tio n )
T in ( l l )  may be determ ined by EDTA t i t r a t i o n  in  th e  presence of 
C hloride (a s  sodium c h lo r id e , SnjOl mole r a t io  a  1 : lOO), bromide (a s  
potassium  bromide, Sn : Br mole r a t io  « 1 : 5 0 ), n i t r a t e  (a s  potassium  n i t r a t e  
Sn : N0j mole r a t io  a  1 : 20 ) and su lphate  (a s  sodium su lp h a te , Sn : S0^ 
mole r a t io  a  1 : 20)# In  the  presence of phosphate or a rs e n a te , t i n ( l l )  
can be determ ined i f  the phosphate o r a rsen a te  p re se n t in  the  mole r a t io  
Sn : P0^ o r Sn * AsO^ of 1 : 1 and 0*017 S* o f ammonium f lu o r id e  p e r  ml* of 
t i n ( l l )  o f approxim ately  0*05 M# i s  used .
The procedure o u tlin e d  above i s  e s s e n t ia l ly  a m odified v e rs io n  of 
th a t  of Dub shy [2f2]*
The D eterm in a tio n  o f t in ( lV )  by EDTA t i t r a t i o n  
In tro d u c tio n  and Scope o f th e  Work
As in d ic a te d  in  the  previous s e c tio n , t i n  has been estim ated  by various 
methods based on EDTA t i t r a t i o n  most of which involved  in  a b a c k ~ titr a tio n  
procedure* The methods of Sajo [44* 45] and Kinnunen [40] in  which a redox 
in d ic a to r  in  f e r r o « f e r r i  cyanide system i s  used a re  no t s a t i s f a c to ry  since 
the in d ic a to rs  a re  su b jec t to  in te rfe re n c e  by sm all amounts of o x id is in g  or 
reducing substances in  the  t i t r a t i o n  medium* The procedures of Jankovsky 
[43] and K ubista [41] s u ffe r  from the l i a b i l i t y  of the  tin ( lV )  to  be 
hydrolysed and p re c ip i ta te d  on the  n e u tr a l is a t io n  of the  excess a c id  and the  
adjustm ent of the  pH of the  so lu tio n  to  the  req u ire d  le v e l  f o r  th e  t i t r a t i o n .
The Jankovsky method furtherm ore re q u ire s  an experienced  eye to  d e te c t the 
colour change a t  the  end p o in t which could  be from yellow  to  b lu e , g reen , 
b lu ish  green or even re d d ish  o r d i r ty  v io le t  which slow ly changed to  b lue 
on s tand ing . The method of Y u ris t and Korotkova [47] i s  no t recommended 
since the end p o in t change was no t sharp . Thus, in  th i s  p re sen t work, i t  
was decided to  in v e s t ig a te  th e  method of Kinnunen and W ennerstrand [50 ] f o r  
the e s tim a tio n  of t in ( lV )  in  which Xylenol Orange was employed as th e  in d ica to r*  
The scope of in v e s tig a tio n  was fo llow s:
(a )  to  observe the s e l f  “Consistency and rep rod u cib ility  of the t itr a t io n  
method.
(b) to  compare r e s u l t s  ob ta ined  by th i s  method to  those ob ta ined  from 
iodom etric method, and, i f  the  r e s u l t s  of th ese  s tu d ie s  were encouraging
(c )  to  in v e s tig a te  th e  s u i t a b i l i t y  of t h i s  method f o r  determ ining t i n
-6 6 -
in  the  presence of c e r ta in  in te r f e r in g  ions*
The method and d iscu ssio n
An a liq u o t of tin(XV) con ta in ing  about 50 mg. of t i n  in  10 ml. was 
tre a te d  w ith  an a liq u o t of a s tandard  EDTA so lu tio n  and d ilu te d  to  a volume 
of 100 ml. The so lu tio n  was then  n e u tra lis e d  w ith  ammonium a c e ta te  u n t i l  
the pH was w ith in  l im i ts  of 2 .5  to  3*5* A fte r  the  ad d itio n  of a few drops 
of Xylenol Orange, the excess EDTA was back t i t r a t e d  by thorium  n i t r a t e  
so lu tio n . The co lour change a t  the  end p o in t was from lemon yellow  to  re d .
The r a t io  of ml. EDTA to  m l. thorium(TV’) had to  be determ ined 
sep a ra te ly  by t i t r a t i n g  an a liq u o t of EDTA w ith  thorium  n i t r a t e  so lu tio n  
using Xylenol Orange as the  in d ic a to r  under the  same co n s itio n s  as  described  
in  the method b u t om itting  th e  tin(XV) so lu tio n .
This method, l ik e  o th ers  a lread y  m entioned, su ffe red  from the  problem 
of n e u tr a l is a t io n  of any la rg e  excess of a c id  p re se n t. This method worked 
T/ell f o r  the  s tandard  t i n  so lu tio n  which con ta ined  r e la t iv e ly  sm all amounts 
of f re e  a c id . As soon as th e  t i n  so lu tio n  co n ta in in g  la rg e  amount of f re e  
ac id , however, th e  adjustm ent of the  pH req u ired  a considerab le  amount of 
ammonium a c e ta te .  This was bo th  uneconomic and, more im p o rtan t, decreased 
the sharpness of the  co lou r change a t  th e  end p o in t.  I t  delayed the  sharp 
colour change from yellow  to  red., which became in s te a d  from yellow  to  orange 
and then to  re d , and thereby  caused o v e r - t i t r a t io n .
Tin(lV ) hydroxide was p re c ip i ta te d  even from EDTA“ t i n ( iy )  complex 
a t  pH about 1.5* N e ith e r ammonium hydroxide nor sodium a c e ta te  could be
used to  n e u tra l is e  the excess a c id  w ithout causing p r e c ip i ta t io n  as the  
d e s ire d  pH range was reached. I t  was found th a t  s o lid  ammonium a c e ta te  
could be used to  n e u tra l is e  the excess of a c id  w ithout p r e c ip i ta t io n  even to  
the ex ten t of r a is in g  the  pH to  5 or 6 , To avoid  using  la rg e  amounts of 
ammonium a c e ta te ,  the  method had to  be adapted as d escribed  below.
The t i n ( i y )  so lu tio n  [20 ml, of about 0,05 M, in  hydroch loric  a c id  
(about 6 M .)] was t r e a te d  w ith  25 ml, of about 0,05 M, EDTA and then d ilu te d  
to  100 ml, w ith  w ater. S o lid  sodium hydroxide was added to  the  so lu tio n  
p e l le t  by p e l l e t  w ith  s t i r r i n g ,  u n t i l  the  pH of the  so lu tio n  was between 
0*6 and 0*8 as in d ic a te d  by a pH m eter. [A lte rn a tiv e ly , i f  the concen tra- 
t io n  of f re e  a c id  in  the  t i n ( i v )  so lu tio n  was known, the c a lc u la te d  amount 
of s o lid  sodium hydroxide could be added ( in  th i s  case , th e  c o n ta in e r of the  
so lu tio n  had to  be cooled w ith  a cover on to  p reven t s p a tte r in g  of the 
s o lu tio n )]  The f in a l  ad justm ent was then  achieved by the  a d d itio n  of s o lid  
ammonium a c e ta te  u n t i l  the pH was w ith in  the  range 2.5 to  3*0. A fte r  the 
a d d itio n  of 4- drops of 0 ,2$  w/v Xylenol Orange, the  so lu tio n  was then 
t i t r a t e d  w ith  thorium  n i t r a t e  so lu tio n  u n t i l  the  co lour change a t  the  end 
p o in t was from lemon yellow  to  wine red .
D eterm ination of the  r a t io  of ml. EDTA to  ml. thorium(X\T)
20 ml, of 6 M. hydroch loric  a c id  was added to  25 m l. of EDTA so lu tio n . 
S o lid  sodium hydroxide (about 4*8 g , ) was added to  the  so lu tio n  p e l l e t  by 
p e l le t  w ith  s t i r r i n g  to  b r in g  the  pH of th e  so lu tio n  up to  0*6 to  0*8
«£)8«a
( in d ic a te d  by pH m eter). S o lid  ammonium a c e ta te  was then  added to  a d ju s t 
the pH of the so lu tio n  between 2.5 and 3*0. A fte r  the ad d itio n  of 4. drops 
of 0«2^ w/v Xylenol Orange, the so lu tio n  was t i t r a t e d  w ith  thorium  n i t r a t e  
so lu tio n  u n t i l  the  co lou r change a t  th e  end p o in t was from lemon yellow  to  
wine red*
The c o n c e n tra ltio n  of the  unknown t i n ( l7 )  so lu tio n  was then  c a lc u la te d  
according to  the  fo llow ing
(b«cd)
The m o la rity  of t i n  so lu tio n  =5 ______________
a
where a = ml. of the t in ( r v )  so lu tio n  employed
b as ml* of EDTA added in  excess
c s  r a t io  of ml. of EDTA to  ml. of thorium(XV)
d ss ml. of thorium(TV) so lu tio n  used fo r  back t i t r a t i o n
ss m o la rity  of standard  EDTA so lu tio n .EDTA
D eterm ination of Tin by Iodom etrio Method
In  th i s  p re sen t work, experim ents were c a r r ie d  out based on the 
procedures d escribed  in  the re fe ren ces  [27 ] and [121],
25 ml. of t i n ( i v )  so lu tio n  was t ra n s fe r re d  to  a 50O*ml. wide-mouthed 
con ica l f la s k ,  150 ml. of w ater was-added and follow ed by 75 ml. of concen tra- 
ted  hydrochloric a c id . A sheet of n ic k e l f o i l  which was wrapped round a 
g lass  rod  was pu t in  the  f la s k  in  the  p o s it io n  as shown in  F ig . 17 (page 36 ) e 
A th re e -h o le  rubber s to p p er (c a rry in g  in  one hole a g a s~ in le t tu b e , in  the 
second hole a v e r t i c a l  condenser tube 15~20 om. in  le n g th , and in  th e  th i r d
a sm all g la ss  rod  stopper f o r  in s e r t in g  a b u re tte  l a t e r )  was in serted*
A slow stream  of oarbon dioxide was passed  through the  f la s k  w h ils t 
the  so lu tio n  was g rad u a lly  heated  to  b o ilin g  and th i s  was continued  f o r  
about 45 m inutes. The so lu tio n  was then  cooled in  ic e  to  about 10°C. 
w h ils t a more ra p id  stream of oarbon dioxide was passed through. When the  
so lu tio n  was co ld , the  s topper in  the th i r d  hole was removed, 2 ml. of 
1% w/v s ta rc h  so lu tio n  was added and the t i p  of a b u re tte  co n ta in in g  s tandard  
iod ine  so lu tio n  was in s e r te d . The so lu tio n  was t i t r a t e d  u n t i l  the  co lour 
change Y/as from green to  the  f i r s t  permanent b lu e . The apparatus was 
arranged as shoYm in  F ig . XV (page 36) .
M ate ria ls  used in  tin(XV) experim ental Yfork
The ap p a ra tu s , and g eneral reag en ts  were the  same as those used in  th e  
t i n ( l l )  experim ents.
T in (iv )  so lu tio n  (&  0.05 M.) : About 17*5 g* of tin(XV) ch lo rid e
pentahydrate was d isso lv ed  in  500 ml. of co n cen tra ted  hydroch loric  a c id  
(Sp. Gr. 1 .18) and then  d ilu te d  to  1 l i t r e  w ith  w ater. The s o lu tio n  was 
s tan d ard ised  by iodcm etric method as  described  on p . 68 and re fe ren ce  [121] .
EDTA stan d ard  so lu tio n  ( ~  0.05 M.) : See the  se c tio n  on t i n ( l l )
( p .44 ) .
Thorium(XV) so lu tio n  0.05 M.) : About 29*4- g. of thorium  n i t r a t e
hexahydrate was d isso lv ed  in  w ater and d ilu te d  to  1 l i t r e .  The so lu tio n  
was s tan d a rd ised  ( i . e .  determ ined the  r a t io  of ml. EDTA to  ml. thorium )
ag a in s t s tandard  EDTA so lu tio n  as described  on p. 67*
Iodine standard  so lu tio n  p , l  H .) : as b e fo re .
Xylenol Orange (XO) In d ic a to r  (0 .2 $  w/v) : About 50 mg. of the  dye 
was d isso lv ed  in  25 ml. of w ater.
R esu lts
Comparison of the  r e s u l ts  ob tained  from EDTA t i t r a t i o n  method 
w ith  those ob ta ined  from iodom etric method
The r e s u l t s  obtained  in  the  EDTA t i t r a t i o n  w ith  e i th e r  10 mi-orJgOml^parbior. 
of approxim ately 0.05 M. t i n ( i v )  so lu tio n  in  about 6 M. hydroch loric  a c id  
are  shown in  Table 25. The corresponding r e s u l t s  f o r  the iodom etric method 
in  which 25 ml .-p o r tio n s  of the  same t in ( lV )  so lu tio n  were used  a re  shown in  
Table 26. The r e s u l t s  ob ta ined  by the  two methods equal w ith in  the  l im i ts  
of experim ental e r ro r ,  (about -  0.2$>).
In  o rder to  ob ta in  c o n s is te n t r e s u l t s ,  the  fo llow ing  p o in ts  had to  
be observed :-
(1) The s tandard  EDTA so lu tio n  was added to  the tin ( lV )  so lu tio n  befo re  
adding s o lid  sodium hydroxide otherw ise t i n ( i v )  p r e c ip i ta te d  from the  so lu tio n  
before pH of the  so lu tio n  was in  the  range of 0 .6  and 0 .8 .
(2) To avoid  us in g  a considerab le  amount of s o lid  ammonium a c e ta te  fo r  
the f in a l  adjustm ent of the  pH of the s o lu tio n  to  between 2,5 and 3*0, the  
a c tu a l pH of the  so lu tio n  which as p re ad ju s te d  by a d d itio n  of s o lid  sodium 
hydroxide w ith in  the range of 0 .6  to  0 .8  was noted .
(3) F resh ly  p repared  Xylenol Orange in d ic a to r  was used . A co n cen tra tio n  
°f* 0*2$ w/v of the  in d ic a to r  was favoured s ince i t  gave a c le a r e r  and sharper
-7 1 -
v isu a l end p o in t than a co n cen tra tio n  of 0*5% w/v.
The s e lf -c o n s is te n c y  and re p ro d u c ib il i ty  of the EDTA t i t r a t i o n  
method f o r  the  determ ination  of tin(XV)
The s e l f  consis tency  of the t i t r a t i o n  was examined in  terms of the  
consis tency  of the  r a t io  of ml. EDTA used to  ml. of tin(XV) employed. A 
se t of an experim ent u sing  1,2,3*4*5>10,15*20 and 25 ml. of about 0.05 M. 
tin(XV) so lu tio n  was c a r r ie d  o u t. R esu lts  obtained  a re  shown in  Table 27* 
I t  was shown th a t  the t i t r a t i o n  method worked w ell in  the range of 
about 12 mg. (2 ml. 0*05 M) to  158 mg. (25 ml. 0.05 M.) of t i n  w ith in  
approxim ately -  0 .4$  d ev ia tio n .
D eterm ination of t i n ( iv )  in  th e  presence of some in te r f e r in g  ions
(a )  In  th e  presence of anions
Experiments were c a r r ie d  out by using  a f ix e d  amount of t in ( lV )  
so lu tio n  ( a t  5 ml. o r about 30 mg. of t i n )  and v a r ie d  amounts of an ions.
R esu lts  ob ta ined  f o r  the  determ ination  of t i n ( iv )  in  th e  presence of 
ch lo rid e  (a s  sodium c h lo r id e ) ,  bromide (as  sodium brom ide), n i t r a t e  (a s  
sodium n i t r a t e )  and su lphate  (as  sodium su lphate  decahydrate) a re  shown in  
Tables 28, 29* 30 and 31 re sp e c tiv e ly . I t  was found th a t  ch lo rid e  
(1:130 Sn:Cl mole r a t i o ) ,  bromide (1:100 Sn;Br mole r a t i o ) ,  n i t r a t e  
(1:100 Sn.*N0  ^ mole r a t io )  and su lphate  (1 :11 Sn:S0^ mole r a t io )  d id  not 
in te r f e r e  in  th e  t i t r a t i o n .
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A rsenate and. phosphate were found to  in te r f e r e  s e r io u s ly  in  the EDTA 
t i t r a t i o n  of tin(X\T) (excep t in  low co n cen tra tio n ) s ince th e i r  presence 
caused p re c ip i ta t io n  during the  n e u tr a l is a t io n  and pE-adjustm ent of the  
so lu tio n  before t i t r a t io n *  In  can be seen from Table 32 ( f o r  phosphate) 
and Table 33 ( f o r  a rsen a te )  th a t  the  determ ination  of t i n  by EDTA t i t r a t i o n  
could be c a r r ie d  out in  the presence of phosphate and a rsen a te  i f  th e  mole 
r a t io  of tin :p h o sp h a te  or t in :a r s e n a te  i s  of 50:1*
(b ) In  the  presence of c a tio n s
Experim ents T/ere c a r r ie d  out f o r  the determ ination  of tin(TV) 
by EDTA back t i t r a t i o n  in  the  presence of the fo llow ing  c a tio n s , namely, 
c o p p e r ( l l ) ,  i r o n ( l l l ) ,  n i c k e l ( l l ) ,  c o b a l t ( n ) ,  a lu m in iu m (n i) , le a d , 
b ism u th (II I ) , zinc and antim ony(v) by using  5 ml. of 0.05 M. tin(TV ) to g e th e r  
w ith  5 ml• of 0*05 M. of in te r f e r in g  c a tio n s .
C o p p e r(n ) , n ic k e l( I I ) ,  c o b a l t ( l l ) ,  l e a d ( l l ) ,  i r o n ( l l l )  and M sm u th (H i)  
a l l  form complexes w ith  EDTA and most of them w ith  Xylenol Orange as w e ll, 
w ith  consequent in te r fe re n c e  by th ese  elem ents in  the t i t r a t io n *  In  the  
c a s e .of c o p p e r ( l l ) ,  t h i s  element could be masked by th io u rea  (Table 3A)* 
A ccordingly t i n  could  be determ ined in  the  presence of copper up to  a mole 
r a t io  of SnrCu = 1 :1 0 . Eor the o th e r elem ents a ttem pts  to  f in d  s a t is f a c to ry  
masking agents were no t successfu l*
Antimony(v) in te r f e r e d  s e r io u s ly  w ith  th e  t i n ( iv )  EDTA t i t r a t io n *  I t  
caused p re c ip i ta t io n  before  the  re q u ire d  pH f o r  the  t i t r a t i o n  was reached.
I f  a small amount only ?ra.s p re se n t then  i t  gave an e a r ly  end p o in t change 
fo r  the  t i t r a t i o n .
«73«
TABLE 25
D eterm ination of t i n ( l¥ )  By EDTA t i t r a t i o n
Tin(XV) so lu tio n  : (B)
EDTA : 0.0507 M.
1 mlo of thorium  n i t r a t e  = 1.03 ml. EDTA (o = 1 .03 )
Sn
ml.
I D
EDTA
ml.
I D
NaOH
g.
J 5 .
ml.
X0 Th l  
drops ml.
Ta)
end
p t .
EDTA
unused
ml.
(cd)
EDTA
used
ml.
(b«cd)
M olarity  
of t i n
(b -cd^i^T A
a
10 20 2 70 2 10.12 2.50 10. A2 9.58 0.04-85(7)
10 20 2 70 2 10.12 2.55 10.A2 9.58 0.0485(7)
10 20 2 70 2 10.11 2.50 10.A1 9.59 0.0486(0)
20 25 A 55 A 6.6a 2.50 6.8A 19.16 0.0485(7)
20 25 A 55 A 6.63 2.60 6.83 19.17 0.0485(9)
20 25 A 55 A 6.63 2.55 6.83 19.17 0.0485(9)
TABLE 26
D eterm ination of t i n  by iodom etric method
Tin(XV) so lu tio n  : ( b)
Standard iod ine  s o lu tio n  : 0.1000 N.
S ta rch  so lu tio n  : 1% w/v
Tffdrochloric a c id  (co n c .) : 11.3 M
Sn
( E D . ( 5 1 )
H51
W )
S ta rch
(Ell) 1
I 9 used 
Aml )
Temp. M olarity  of 
t i n  found
25 150 75 2 2A.50 7 . 5 )
25 150 75 2 2A.50 7 . 3 )
23 150 75 2 2A.50 5 . 0 ) 0.0A87(0)
- 150 85 2 0.15 7 . 5 )
The m o la rity  of t i n  was c a lc u la te d  as fo llo w s:
+2Sn + I r Sn+Z|- + 2 l‘
• The m o la rity  of t i n  so lu tio n  = ■§•
(2A.50 ~ 0 .15) X 0.1000
0.04-87(0)
25
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TABLE 27
S e lf-co n s is ten cy  of EDTA t i t r a t i o n  of t in ( r v )
T in ( iv )  so lu tio n  : ( a )
EDTA : 0.0507 M.
[ l  ml. Th(lV) = 1.02 ml, EDTA]
(c = 1.02)
______ _ _____________ __________  _______ _ f _________      . ... ... _ ______,_______  , ,  , mnfnm r ____ {- -
BnClv) EDTA"added Th( IV) "usedf EDTA unused EDTA used ml. EDTA
■TmlTRa) S O T b T  r m t n i )  S U M cdT" I S O I h - c d )  ml. Sn(lV)
1 10 8.83 9.01 0.99 0.990
2 10 7.85 8.01 1.99 0.995
3 10 6.87 7.01 2.99 0.997
4 10 5.90 6,02 3.98 0.995
5 10 4.93 5.03 4.97 0.994
10 20 9.83 10.03 9.97 0.997
15 20 4.93 5.03 14.97 0.998
20 25 4.98 5.08 19.92 0.996
25 5.00 _  _ 2 k S P  . . .  - __0*226
TABLE 28
EDTA t i t r a t i o n  o f t in ( iv )  in  the  presence o f c h lo r ide
T in (iv ) so lu tio n  : (b )
EDTA : 0.0507 M.
EaCl ; s o lid
[ l  ml. Th(lV) s  1.03 ml. EDTA].
" S n C iy r
TmC)
BaCl
" T S F
| ! 1
Sn : C l~  
(mole r a t io )
Th(lV) used 
(ml. j
nH a t  
end p t .
5 10 5.06 2.50
5 0.015 10 1 ; 1 5.06 2.55
5 0.03 10 1 : 2 5.05 2.60
5 0.06 10 1 :  4 5.06 2.60
5 0.09 10 1 : 6 5.07 2.50
5 0.12 10 1 : 8 5.05 2.57
5 0.15 10 1 : 10 5.06 2.56
5 2.00 10 1 : 130 5.06 2.55
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TABLE 29
EDTA t i t r a t i o n  of t in ( iv )  in  the presence of bromide
T in(rv ) so lu tio n  : (b )
EDTA : 0.0507 M.
ITaBr : s o lid
[ l  ml. Th(rv) = 1.03 ml. EDTA ]
NaBrw  i j i . i  ir -. ■<
.Lei
EDTAm,jm  11 — i wm .  .
Jm T )
SnsBr
(mole ratio )
T h C lJY n s^
( m lT
pH a t  
end p t .
5 10 • a . 5.06 2.60
5 0.03 10 1 : 1 5.05 2.55
5 0.06 10 1 ; 2 5.07 2 .58
5 0.12 10 1 : 4 5.06 2.60
5 0.18 10 1 ; 6 5.05 2.55
5 0.24 10 1 : 8 5.06 2.65
5 0 .30 10 1 : 10 5.05 2.57
5 . . 3.00 10 1 : 100 5.06 2.60
TABLE 50
EDTA t i t r a t i o n  of t in ( iv )  in  th e  presence of n i t r a t e
Tin so lu tio n  r (B)
EDTA : 0.0507 M.
EaNO 3 : s o lid
[ l  ml. Th(iv) = 1.03 ml. EDTA]
Sn{ TV
i 
i 
! 
.
I j 
F
jo
j
!
EDTA Sn : N0„ ThflV) used
end p t .fml.TH I*. 9 1— Iitliw (m l.) (mole r a t io ) (ml. y
5 mm 10 mm 5.06 2.55
5 0.02 10 1 1 1 5.06 2 .50
5 0.04 10 1 : 2 5.05 2.52
5 0.08 10 1 : 4 5.06 2.56
5 0.12 10 1 ; 6 5.07 2.57
5 0.16 10 1 : 8 5.05 2.60
.. 5 0 .20 10 1 : 10 5.06 2.51
_ 5 „ „ 2.00 10 1 : 100 5.06 .2*55. .
TABLE 31
EDTA t i t r a t i o n  of t in ( iv )  in  the presence of su lp h a te
Tin(lV) so lu tio n  : (b)
EDTA : 0.0507 M.
NapS0..10H 0 so lu tio n  : 0.05 M.
[ l ‘ ml7 Th(iv) = 1-03 ml. EDTA]
5n(IV) Sulphate so ln . EDTA added SnsSO Th(lV) used pH a t  .
CmlTT T m l.) (mlT) (mole  rS tio )  (m l.) end p t .■!»' II 1ft JTn.1t>* IHMHBlUMUBuMMKMUMiMIBiMwSUI ItiMiMi TWIIIIIII fllM >. -w-. ... .........
5 - 10 — 5.06 2.60
5 1 10 5 : 1 5.07 2.60
5 2 10 5 : 2 5.06 2.65
5 5 10 1 : 1 5.05 2.65
5 10 10 1 : 2 5.05 2.65
5 15 10 1 : 3 5.07 2.69
5 25 10 1 s 5 5.06 2.69
5 54 10 1 : 11 5.05 2.65
TABLE 52
EDTA t i t r a t i o n  of t in ( iv )  in  th e  presence of phosphate
Tin s o lu tio n  : (a)
EDTA s 0.0509 M.
Na^PO^.123^0 so lu tio n  : 0.05 M.
[ l  ml. Th(rv) S 1.00(3) ml. EDTA]
Sn(lV)
(m l.)
Phosphate
(m l.)
Sn:P0.
(mole r a t io )
EDTA
(m l.)
Th(iv)
(m l.)
pH a t  
end p t .
5 « « 10 5.20 2.60
5 5 1 : 1 10 1.40*
5 4 5 : 4 10 - 1.50*
5 5 5 : 5 10 — 1.60*
5 2 5 : 2 10 — 1.70*
5 1 5 : 1 10 — 1.80*
5 0.5 10 : 1 10 5.30 2.60
5 0 .3 16 : 1 10 5.27 2-.60
5 0.1 50 2 1 10 5.20 2.60
* =5 p re c ip i ta t io n  occurred a t  the  pH in d ic a te d .
-7 7 -
TABLE 35
EDTA t i t r a t i o n  of t i n ( i v )  in  the •presence of a rsen a te
T in (iv ) so lu tio n  : (a)
EDTA : 0.0509 M.
KH2As04 so lu tio n  : 0.05 M. (9.0015 g . / l )
[ l  ml. Th(lV) s  1 .00(3) ml. EDTA]
Sn(lV) 
(ml .T
A rsenate
I mu i
Sn : AsO 
(mole r a t io )
EDTA
l i Q .
Th(lV)
I m L l
pH a t  
end p t .
5 10 5.20 2.50
5 5 1 J 1 10 — 1.30*
5 0.5 10 : 1 10 5.40 2.60
5 0.2 25 : 1 10 5.30 2.50
5 0.1 50 : 1 10 5.20 2.60
*  -5= p r e c ip i ta t io n  occurred a t  th e  in d ic a te d  pH.
TABLE 34
D eterm ination of t i n ( i v )  in  the -presence of c o p p e r( ll)  by using  
th io u re a  as
S n ( i v )  so lu tio n  
EDTA
CuS04 *5H20 so lu tio n  
Thiourea so lu tio n  
Th(IV) s o lu t i  on
(B)
0.0507 M.
0.05 M. 
s a tu ra te d  
0.05 M.
[ l  ml. Th(lV) = 1.03 ml. EDTA]
Sn IV EDTA Sn : Cu Thiourea ThUv
(m l.) (mole r a t i o ) (m i.) (ml.
5 - 10 — 20 5.05 2.50
5 5 10 1 : 1 20 5.05 2.50
5 10 10 1 : 2 20 5.06 2.55
5 15 10 1 : 3 20 5.06 2.60
5 20 10 1 : 4 20 5.07 2.50
5 50 10 1 : 10 20 5.06 2.60
Conclusions and D iscussion of the  D eterm ination of T in (iv ) by 
EDTA t i t r a t i o n
Tin(lV) may be determ ined by an EDTA back t i t r a t i o n  method* Excess
EDTA i s  added to  the t i n ( i v )  so lu tio n , a f t e r  d i lu t io n  w ith  w ater, the
so lu tio n  i s  ad ju sted  to  the range of pH 0*6 to  0 .8  by the  a d d itio n  o f s o lid
sodium hydroxide. The f in a l  adjustm ent i s  made by adding s o lid  ammonium
a c e ta te  to  r a is e  the  pH to  between 2.5 and 5 .0 , the  so lu tio n  i s  then back
ta t r a te d  w ith  s tandard  thorium n i t r a t e  s o lu tio n  using  Xylenol Orange as the
in d ic a to r .  The end p o in t i s  from yellow  to  red .
The method works w ell fo r  the  range of 12 mg. to  158 mg. of t i n .
The r e s u l t s  obtained  from the EDTA method d i f f e r  from those from the
standard  iodom etric method w ith in  the experim ental e r ro r  ( -  about 0*2^)
T in (iv ) may be determ ined by EDTA t i t r a t i o n  in  the presence of ch lo rid e  
(Sn; Cl = 1 : 150), bromide (Sn : Br = 1 s 100), n i t r a t e  (SniNO^ = 1 :100),
su lphate  (Sn:S0. = l ; l l ) ,  phosphate (Sn:P0. = 5 0 :l)  and a rsen a te  4 4
(Sn ; AsO  ^ = 5 0 ;l)*
In  the presence of copper( I I ) (Sn;Cu = 1  ; 10), t i n ( iv )  may be 
determined by using  th io u rea  as a masking agent fo r  copper. T in (iv ) could 
not be determ ined by th i s  method (except by the use of s e le c t iv e  masking 
agents) in  th e  presence of the  fo llow ing  c a tio n s , namely, i r o n ( l l l ) ,  
n i c k e l ( l l ) ,  c o b a l t ( l l ) ,  le ad , b is m u th ( l l l ) ,  aluminium, antimony(v) and z in c .
PART H I
SEPARATION OF TIN FROM INTERFERING- ELEMENTS
In tro d u c tio n  and Scope of the  Work
th e  method o f
I t  has been shown in  th e  determ ination  of t i n  byAa d d itio n  of excess
t h i s
EDTA and back t i t r a t i o n  w ith  thorium  n i t r a t e ,  th a tAt t o  does not
w ell
workAi f  th e re  a re  in te r f e r in g  ions p re se n t. In  such cases, a sep a ra tio n  
i s  necessary . There are  se v e ra l methods a v a ila b le  fo r  th is  purpose 
(see p . 27 ) bu t in  the  p re sen t work an anion-exchange technique has been 
se le c ted  fo r  study s in ce  i t  appeared to  o f fe r  a sim ple and e f fe c t iv e  means 
of s e p a ra tio n .
The work i s  s p e c if ic a l ly  r e la te d  to  the sep a ra tio n  of in te r f e r in g  
m e ta llic  ions th a t  are  u su a lly  p resen t w ith  t i n  in  i t s  a l lo y s , co n cen tra tes  
and o re s . These are  antimony, aluminium, a rse n ic , bism uth, copper., co b a lt 
iro n , le a d , manganese, n ic k e l and z in c . I n i t i a l  se p a ra tio n  experim ents 
were c a r r ie d  out fo r  systems of a s in g le  element w ith  t i n  such as , 
antimony( ? ) -  t i n ,  i r o n ( l I l ) - t i n ,  c o p p e r ( l l ) - t in .  L ater experim ents were 
concerned w ith  th e  se p a ra tio n  of t i n  from more complex m ixtures of 
in te r f e r in g  elem ents. In  a l l  cases sep ara tio n s  were c a r r ie d  out on the 
b a s is  of anion-exchange chromatography using  hydroch lo ric  ac id  media, w ith  
such media th e re  were few com plications in  the  determ ination  of t i n  and 
the o th er elem ents. The determ ination  of the  above-mentioned m etals in  
the e f f lu e n ts  from the  chrom atographic se p a ra tio n  was achieved by EDTA 
t i t r a t i o n  except in  cases of antimony and a rse n ic , where th i s  was not 
po ssib le  and iodom etric methods were used in s te a d .
Throughout th i s  work, the  anion-exchange r e s in ,  P erm utit, 
"D e-A cidite" FF (SRA 65) , in  the  ch lo rid e  form was used.
"D e-A cldite11 FF (SRA 65) Ani.on-Exchange Resin
I t  i s  a h ig h ly  b a s ic , u n ifu n c tio n a l, c ro ss lih k ed  po lysty rene  anion 
exchange r e s in ,  co n ta in in g  quaternary  ammonium (trim ethylbenzylam ine) 
groups.
— CH CH2 CH   CH2 - -------CH— ~ C H 2 —
CH2H(CH,XC1 Y - ?<'CH2H(CH3 C^1 ch2n (ch3 c^i 
—  CH —  CH —  CHg-
I t  i s  supp lied  as m oist beads in  the ch lo rid e  form. The p a r t ic u la r  
batch used has a cap ac ity  of 4 .0  m eq ./g ., a w ater reg a in  value of 1 .0  -  1 .5 ,
an average c ro ss - lin k in g  of 3 -  5 f° D.V.B. and a wet grading  14 -  52 mesh
(BSS). This r e s in  i s  extrem ely s ta b le  to  s tro n g  ac id s and a lk a l i s  and 
reducing ag en ts . I t s  r e s is ta n c e  to  m ild o x id is in g  agents i s  g en e ra lly  
good, bu t prolonged exposure to  severe oxidants such as ch lo rin e  
should be avoided.
P rep a ra tio n  of the  A ir-d rie d  C hloride form of D e-A cidite FF Resin
About 1 lb .o f  the r e s in  was added slow ly and w ith  s t i r r i n g  to
1 l i t r e  of w ater; more w ater was added i f  th e  s lu r ry  became too th ic k .
The r e s in  was washed se v e ra l tim es by d ecan ta tio n  u n t i l  the  su pernatan t 
l iq u id  remained c le a r  a f t e r  s t i r r i n g  the  s lu r ry .  P a r t of the  s lu r ry  was 
then decanted in to  a la rg e  column which had been h a l f - f i l l e d  w ith  w ater
~8l«
(F ig .V I l ( a ) ) .  The r e s in  s e t t l e d  and formed a bed, supported by th e  s in te re d  
d isc . The column was then  washed b r ie f ly  by an upward flow of w ater so 
th a t  th e  bed was thoroughly a g ita te d . The v e lo c ity  of w ater stream  was 
g rad u a lly  decreased so th a t  the  r e s in  s e t t le d  slow ly to  g ive a bed of 
uniform packing. The h e ig h t of l iq u id  in  the  column was ad ju sted  by 
a l te r in g  the  h e ig h t of the  s id e  arm (see  F ig .V I l(b ))  to  bo ju s t  above th a t  
of the  r e s in  and m aintained a t  th i s  w h ils t 2 M. hydroch lo ric  ac id  was passed 
down the  column a t  a r a te  of about 2 l i t r e  p er hour. A fter some 2 l i t r e s  
of 2 M. hydroch lo ric  ac id  had passed through, the  r e s in  was washed w ith 
deionised  w ater by downward flow u n t i l  the e f f lu e n t  was f re e  from ch lo rid e  
io n s . The s lu r ry  was tra n s fe r re d  to  a beaker and then f i l t e r e d  on a 
Bucher fu n n e l. The r e s in  was f in a l ly  tra n s fe r re d  to  a la rg e  evaporating  
b asin  and p laced  in  a warm p lace  (about 25 -  30°C.) u n t i l  the r e s in  was 
com pletely f re e  running (about 2 - 3  days). This provided the Stock 
r e s in . [ s e e  F ig . Y I l(o ) , V l l (d ) ] .
P rep ara tio n  of Anion Exchange Columns
A sm all column (10 cm x 1 cm) was p a r t ly  f i l l e d  w ith 2 M. h y d ro ch lo ric  
ac id , care  being taken to  d isp lace  any a i r  from beneath the s in te re d  g la ss  
d isc . About 2 g. of a i r -d r ie d  anion-exchange r e s in  was weighed out and 
tra n s fe r re d  through a dry funnel in to  th e  column. S u ff ic ie n t 
hydroch loric  ac id  was then added to  cover th e  r e s in .  I f  a i r  bubbles 
adhered to  any of the  r e s in  beads they were d islodged by applying an 
in te rm it te n t  p ressu re  to  the  rubber tub ing  connecting the  s id e  tube (see  
Fig .V II (e) and VIl(f)), thus causing th e  l iq u id  to  r i s e  and f a l l  a l i t t l e  in  th e
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F ig ,  V II .
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column. The le v e l  of the o u t le t  tube was ad ju sted  so th a t  the l iq u id  
in  the column drained  to  a le v e l ju s t  above the  r e s in  beads,
General D iscussion of S ep ara tic ftP ro ced u res
The sep a ra tio n  experim ents devised and described  below are  based 
on the  f a c t  th a t  t in ( iv )  absorbed s tro n g ly  on anion-exchange r e s in  from a ' 
wide range of co n cen tra tio n  of hydroch lo ric  ac id  (1 -  12 M,) whereas many 
o ther m e ta llic  io n s , some of which in te r f e r e ,  did n o t. T herefore , i t  was 
p o ssib le  to  sep a ra te  such in te r f e r in g  ions from t in ( iv )  by e lu tio n  w ith 
hydroch loric  ac id  so lu tio n s  of such a s tre n g th  to  ensure th a t  the  t i n  was 
re ta in e d  on th e  column w h ils t th e  o th e r ions were e lu te d . Each of the 
i n i t i a l  experim ents w ith  a b in ary  system co n ta in in g  t in ( iv )  w ith  one 
in te r f e r in g  elem ent involved a s e m i-q u a lita tiv e  o r q u a l i ta t iv e  study,
( I ) Semi^qu&I ita t iv e  prelim inary , s tu d ie s  of t in ( iv )
to g e th e r w ith  a sp e c if ie d  m e ta llic  ion  : In  th i s  case, the m ixture
of t in ( iv )  and a s p e c if ic  in te r f e r in g  ion  in  hydroch lo ric  ac id  so lu tio n  
was passed through the  column. The in te r f e r in g  io n  was e lu te d  w ith 
hydroch lo ric  a c id  and 10 m l, p o rtio n s  of the e f f lu e n t  were c o lle c te d  
by means of a f r a c t io n  c o lle c to r  (see P ig ,. VIH)* The amount of in te r f e r in g  
ion  in  each f r a c t io n  was determ ined sem iq u a n tita tiv e ly  by an ap p ro p ria te  
method. The volume of hydroch lo ric  ac id  req u ired  to  achieve complete 
e lu tio n  of th e  in te r f e r in g  ion  was obtained  from a p lo t  of the co n cen tra tio n  
( in  a r b i t r a r y  u n i ts )  of the  in te r f e r in g  io n  found ag a in s t the volume of
the e fflu en t*
( i l )  Q u an tita tiv e  S eparation  of t in ( iv )  from the 
sp e c if ie d  in te r f e r in g  io n . In  th i s  case, the  volume (as determ ined in  i )  
of hydroch lo ric  ac id  of the  c o rre c t co n cen tra tio n  req u ired  fo r  complete 
e lu tio n  of th e  in te r f e r in g  ion  was used fo r  i t s  e lu t io n . T h e rea fte r 
the  t in ( iv )  was e lu te d  w ith  3 M, n i t r i c  ac id  and the  e f f lu e n ts  from the  
two e lu tio n  s te p s  were c o lle c te d  se p a ra te ly . The amounts of both the  
in te r f e r in g  io n  and t i n  were determ ined q u a n ti ta t iv e ly  by EDTA t i t r a t i o n  
(except in  the  case of antimony (v) and a rse n ic (v ))  to  ensure th a t  recovery 
o f each io n  had been completed.
The in te r f e r in g  ions s tu d ied  were c la s s i f ie d  in  two groups, 
according to  th e  co n cen tra tio n  of hydroch loric  ac id  employed in  e lu tin g  
them, namely :
( i )  those  e lu te d  by 2 M. hydroch lic  ac id  s -  th ese  were antimony(v) 
a r s e n ic (v ) , c o b a l t ( l l ) ,  a lu m in iu m (ill) , n i c k e l ( l l ) ,  c o p p e r ( l l) ,  i r o n ( l l l ) ,  
manganese( I I ) , and le a d ( l l) *
and ( i i )  those  e lu te d  by 10 M. hydroch lo ric  ac id  th ese  were
le a d ( l l ) ,  b ism u th ( ll l)  and z i n c ( l l ) .
D e ta ils  o f the  sep a ra tio n  procedure
(a) Anion Exchange Column : About 2 g . of r e s in  was employed.
The s iz e  of th e  column was about 1 cm x 12 cm, and the h e ig h t of the r e s in  
bed was about 7 cm. The r e s in  in  the column was kept in  2 M. hyd roch lo ric
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acid  a t  l e a s t  6 hours before use ,
(k) Procedure : The so lu tio n  to  be separa ted  was in troduced  in to
a 250 ml* tap  funnel and allowed to d rip  slow ly in to  the column a t  a r a te  
of about 30 m l./6  min. When a l l  the so lu tio n  had passed through, the  tap  
funnel was r in se d  w ith 2 p o rtio n s  (5 m l.) 2 M. hydroch lo ric  ac id  and each 
p o rtio n  allowed to  d rip  in to  the  column* The column was then  e lu ted  w ith 
hydroch lo ric  ac id  passed through a t  the  same r a te .  The re c e iv e r  was then  
changed and th e  t in ( iv )  e lu ted  w ith  3 M. n i t r i c  acid*
Reagents
Wherever p o ss ib le , m a te r ia ls  of AnalaR Grade were used.
So lu tio n s  used as In te r f e r in g  Ions in  Anion-Exchange S eparation  
Iron  ( i l l )  c h lo rid e  so lu tio n  ("**0.05 M)
I r o n ( l l l )  ch lo rid e  hexahydrate (6*7607 g .)  was d isso lved  in  about 
50 ml. of 2 M hydroch lo ric  ac id  and the so lu tio n  d ilu te d  to  500 ml. w ith 
w ater.
N ickel( I I ) ch lo rid e  s o lu tio n  ( ^ 0 .0 5  Mi)
N ickel ch lo rid e  hexahydrate (11.8850 g . ) was d isso lved  in  w ater 
and the s o lu tio n  d ilu te d  to  1 l i t r e  .
C opper(ll) su lp h a te  so lu tio n  (^ Q .0 5  M.)
Copper su lp h ate  pen tahydrate  (12.4845 g .)  was d isso lved  in  w ater 
and the  s o lu tio n  d ilu te d  to  1 l i t r e .
Manganese ch lo rid e  te tra h y d ra te  (1.9864 g .)  was d isso lv ed  in  a 
sm all volume of w ater and the  s o lu tio n  d ilu te d  to  200 ml.
Aluminium ( i l l )  ch lo rid e  so lu tio n  (~ 0 .0 5  M).
Aluminium ch lo rid e  (6.7390 g .)  was d isso lved  in  w ater and d ilu te d  
to  1 l i t r e .
Antimony(v) ch lo rid e  so lu tio n  (~  0.05 M.)
Potassium  antim onate [KSb^HjgV^HgO] (6.8013 g . ) was d isso lved  
in  a sm all amount of concen tra ted  hydroch loric  ac id  and d ilu te d  to  500 ml. 
w ith  6 M. hyd roch lo ric  a c id .
C obalt( I I ) ch lo rid e  so lu tio n  (-^ M S J k l
Cobalt ch lo rid e  hexahydrate (5*9488 g .)  was d isso lved  in  w ater 
and d ilu te d  to  500 ml.
A rsenic(v) ch lo rid e  so lu tio n  (>~0.05 M.)
A rsenic pentoxide (2,8726 g .)  was d isso lved  in  2 M. hyd roch lo ric  
ac id  by warming. A fte r coo ling , the so lu tio n  was d ilu te d  to  250 ml. 
w ith  2 M. hyd roch lo ric  ac id .
B ism u th (lll)  ch lo rid e  so lu tio n  ( ^ 0 ,0 5  M.)_
Bismuth oxychloride (6.5131 g*) was d isso lv ed  in  2 M. hydroch loride 
and d ilu te d  to  500 ml, w ith  2 M. hydroch lo ric  ac id .
Zinc( I I ) c h lo rid e  so lu tio n  ( ^ 0 .0 5  M. )
G ranular zinc (1*6383 g .)  was d isso lved  in  25 ml. of hyd roch lo ric  ac id  
( l  : l )  by warming* A fte r  coo ling , th e  so lu tio n  d ilu te d  to  500 ml, w ith  water,
Lead c h lo rid e  so lu tio n  ( ^ 0 o002 M.)
Lead ch lo rid e  (0.0556 g . ) was d isso lved  in  about 50 ml. of w ater ji
by warming. A fte r coo ling , the so lu tio n  was d ilu te d  to  100 ml. w ith  2 M0 {
hydroch loric  a c id .
S o lu tions Used fo r  Volumetric A nalysis
Tin(lV) ch lo rid e  so lu tio n  ( /^ 0.05  M.)
Tin(lV ) ch lo rid e  pen tahydrate  (17.5348 g .)  (General Purpose Reagent, 
Hopkin and W illiam s) was d isso lv ed  in  500 ml. of concen tra ted  hydroch lo ric  j
ac id  and d ilu te d  to  1 l i t r e  w ith  w ater. The so lu tio n  was s tan d ard ised
by EDTA.
Thorium(iv) n i t r a t e  so lu tio n  C^->0.05 M.)
AnalaR thorium  n i t r a t e  hexahydrate (29.5161 g . ) was d isso lv ed  in  
w ater and d ilu te d  to  1 l i t r e .
EDTA so lu tio n  (<^0.05 M.)
AnalaR disodium e th y len ed iam in e te traa ce ta te  d ihydra te  (18.6125 g .)  
was d isso lv ed  in  about 800 ml. of w ater and d i lu te  ex ac tly  to  1 l i t r e  w ith  
w ater. The so lu tio n  was s tan d a rd ised  a g a in s t 0.0500 M. zinc su lphate  
so lu tio n .
Zinc su lphate  s o lu tio n  (0.0500 M.)
AnalarR zinc su lp h ate  hep tahydrate  (3.5945 g .)  was d isso lved  
in  w ater and d ilu te d to  249.95  ml.
Zylenol Orange S o lu tion
A 0 .2  fo (w/v) of aqueous so lu tio n  was p repared .
D eterm ination of t i n  in  the  e lu a te
To the  e lu a te  (about 120 m l.) con ta in ing  t i n  (about 0.25 m. mole) 
and excess hydroch lo ric  and n i t r i c  ac id , 10.00 ml. of 0.0506 M. EDTA was 
added. Excess ac id  was n e u tra lis e d  by the  c a re fu l a d d itio n  of about 
14 -  15 g. o f s o lid  sodium hydroxide ensuring  th a t  the  so lu tio n  d id  no t 
get too h o t, u n t i l  the  pH of the so lu tio n  was between 0.5 and 1 (determ ined by 
a- d ire c t  read ing  pH m e te r) . Then the pH of the  so lu tio n  was ad ju sted  
to  pH 2.5 to  3 by the  ad d itio n  of s o lid  ammonium a c e ta te .  A fte r adding 
4 drops of 0 .2  per cen t Xylenol Orange, the so lu tio n  was t i t r a t e d  a g a in s t 
thorium n i t r a t e  so lu tio n  u n t i l  the co lour change a t  the  end p o in t was from 
yellow  to  wine re d . The amount of t i n  was c a lc u la te d  as described  in  
the  previous s e c tio n  ( see p . 6 8 )
D eterm ination of the Other Elements in  E luates  from the Ion-Exchange Column
D eterm ination of i r o n ( l l l )  in  the  e lu a te
Ta the  e f f lu e n t  co n ta in in g  i r o n ( l l l ) ,  concen tra ted  ammonium 
hydroxide was added u n t i l  the pH of the  so lu tio n  was a t  1 .5 . The so lu tio n
was warmed up to  40 to50°C . and then  about 10 ml. of Tiron so lu tio n  was
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added. Then the  so lu tio n  was t i t r a t e d  a g a in s t s tandard  EDTA so lu tio n  
u n t i l  the  co lour change a t  the  end p o in t was from g reen ish  purp le  to  
yellow  a t  pH 3*
1 ml. of 0.0507 M. EDTA £ 2.8316 mg. Ee.
D eterm ination of c o p p e r( ll)  in  the e lu a te
To the  e f f lu e n t  co n ta in in g  c o p p e r ( l l ) ,  s o lid  sodium hydroxide was 
added to  n e u tra l is e  excess hydroch loric  a c id  u n t i l  the  pH of the  so lu tio n  
was 'between 2 and 3* Then the  pH of th e  so lu tio n  was a d ju s ted  to  5 .5  to  
6.5 by the  a d d itio n  of p y r id in e . A fte r  adding A drops of Pyrocatechol 
V io le t, the  so lu tio n  was t i t r a t e d  w ith  0.0507 M. EDTA u n t i l  the  colour 
change a t  the end p o in t was from blue to  y e llo w ish  green,
1 ml. of 0.0507 M. EDTA 5 3*2215 mg. Cu.
D eterm ination of n io k e l ( l l )  in  the  e lu a te
To the  e f f lu e n t  co n ta in in g  N i ( l l ) ,  s o lid  sodium hydroxide was added 
( to  n e u tra l is e  th e  excess hydroch lo ric  a c id  u n t i l  pH = 2 ^ .  Murexide 
Powder was added and th i s  was follow ed by th e  b u ffe r  so lu tio n  (ammonium 
hydroxide + ammonium ch lo r id e )  u n t i l  the  pH as 10. The so lu tio n  was 
t i t r a t e d  w ith  s tandard  EDTA so lu tio n  u n t i l  the co lou r changed from orange 
yellow to  v io l e t .
1 ml. of 0.0507 M. EDTA § 2.9756  mg. N i.
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D eterm ination of c o b a l t ( l l )  in  th e  e lu a te
To 90 ml. of the  e f f lu e n t  co n ta in in g  c o b a l t ( l l ) ,  s o lid  sodium hydroxide 
was added g rad u a lly  to  n e u tra l is e  the  excess of hydroch loric  a c id  u n t i l  
the pH of the so lu tio n  was about 2 to  3* A fte r  adding 3 drops of 0 .5$  
w/v of Xylenol Orange in d ic a to r ,  powdered hexamine was added w ith  s t i r r i n g  
u n t i l  the  deep red  co lou r occurred (pH about 6 ) .  The so lu tio n  was warned 
to  about 40°C and t i t r a t e d  w ith  0*0507 M. EDTA u n t i l  the  co lour changed 
from red  to  yellovf orange.
D eterm ination of a lu m in iu m (ill)  in  the  e lu a te
To 90 ml. of the  e f f lu e n t  co n ta in in g  A l ( l l l ) ,  10 ml. of 0.0507 1 .
EDTA was added. The excess hydroch lo ric  a c id  was n e u tra l is e d  by the
a d d itio n  of s o lid  sodium hydroxide u n t i l  th e  pH of th e  so lu tio n  was about 1
and then  warmed up to  80 -  90°C* A fte r  co o lin g , th e  pH of the so lu tio n
was a d ju s ted  to  about 7 to  8 by th e  a d d itio n  of concen tra ted  ammonium
hydroxide. The so lu tio n  was back t i t r a t e d  w ith  0.0500 M. zinc su lphate
so lu tio n  using  Eriochrome Black T as th e  in d ic a to r ,  The co lour change
a t  th e  end p o in t was from b lue to  wine re d . The amount of aluminium
was c a lc u la te d  as  fo llow s :
(m l. of EDTA added » a .  ml. of Z n ( l l)  u sed ). M ---. A 
Wt. of A l. = _______ ____________________ ;___________________ EDTA. Al
1000
where a = r a t io  of ml. EDTA to  ml. of Z n ( ll)  so lu tio n
M___ = m o la rity  of EDTA EDTA J
Aa1 s  atom ic weight of Aluminium.
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D eterm ination of feAnganese(ll) in  the  e lu a te
To about 100 ml. of the e f f lu e n t  con ta in ing  m anganese(n) in  
hydroch loric  a c id ,  sodium hydr02d.de so lu tio n  (8  g. in  10 ml. of w a te r)  
was added and t h i s  was fo llow ed by ©.5 g . of hydroxylamine, 3 ml* of 
trie th an o lam in e  and b u f fe r  s o lu tio n  (ammonium ch lo rid e  + ammonium hydr02d.de, 
pH lo) u n t i l  the pH of the so lu tio n  was between 9 and 10* A f te r  adding 
3 drops of E rio  T, the  so lu tio n  was t i t r a t e d  w ith  0.0506 M. EDTA u n t i l  
the  co lou r change a t  the end p o in t was from red  to  b lu e .
D eterm ination of le a d  in  the e lu a te
To about 80 ml. of the e f f lu e n t  con ta in ing  le a d  (about 0*02 m m ole), 
concen tra ted  ammonium hydroxide was g rad u a lly  added to  n e u tra l is e  the  
excess hydroch loric  a c id  u n t i l  th e  pH of the so lu tio n  was about 2 to  3*
The so lu tio n  was then  ad ju s ted  to  pH of 5 by the  a d d itio n  of s o l id  
ammonium a c e ta te .  . The so lu tio n  was then t i t r a t e d  w ith  0*0101 M. EDTA 
using  Xylenol Orange as the in d ic a to r ,  th e  co lour change a t  th e  end p o in t 
was from red  v io le t  to  yellow .
D eterm ination of antim ony(V) in  th e  e lu a te
Potassium  iod ide  so lu tio n  (5 ml. of 20$ w/v) was added to  the  
e lu a te  co n ta in in g  antim ony(v) in  hydroch loric  a c id . A fte r  adding 1 « 2 ml. 
of carbon te t r a c h lo r id e ,  the so lu tio n  was t i t r a t e d  w ith  0.1002 N. sodium 
th io su lp h a te  (s ta n d a rd ise d  a g a in s t s tandard  potassium  io d a te  s o lu t io n ) .
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During the  t i t r a t i o n ,  the  brown co lou r due to  l ib e r a te d  iod ine  g rad u a lly  
d isappeared  from the  so lu tio n  and th e  l a s t  tra c e s  of iod ine c o lle c te d  in  
the  carbon te tra c h lo r id e  to  give a p ink  co lou r. The so lu tio n  was t i t r a t e d  
w ith  occasional v igorous shaking u n t i l  th e  pink  co lo u r d isappeared  from 
the  carbon te tra c h lo r id e  la y e r ,  marking the  end p o in t .
Blank t i t r a t i o n s  were o a rr ie d  out by using  the  same amount of 
antimony(V) and reag en ts
1 ml, of 0*1002 N. ** 6 .1  mg of Sb,
D eterm ination o f-a rse n ic  in  the  e lu a te
About 4  g , of s o l id  sodium hydroxide was addeid to  90 ml, of 
the  e lu a te  co n ta in in g  As(v) to  p a r t  n e u tra l is e  the  excess hydroch loric  a c id  
and a d ju s t the  co n cen tra tio n  of hydroch loric  a c id  to  about 4 N, A f te r  
replacem ent of th e  a i r  in  the f la s k  by the  a d d itio n  of two 0*4 g* p o rtio n s  
of pure sodium b icarbonate  in to  the  so lu tion*  About 1 .0  g. of pure 
potassium  iod ide was added to  the s o lu tio n  w ith  thorough m ixing. The 
co n ten ts  were allow ed to  s tand  about 5 m inutes and then  t i t r a t e d ,  w h ils t  
s t i r r i n g  v ig o ro u sly , w ith  standard  0*1001 IT, sodium th io su lp h a te .
1 ml. of N. Na2S20^ S 37*46 mg. of As.
D eterm ination of zinc in  the  e lu a te
About 230 ml. of the  e lu a te  co n ta in in g  zinc was evaporated  to  a 
volume of about 10 -  13 ^1* A fte r  c o o lin g ,150 ml. of w ater was added
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to  th e  so lu tion*  The pH of the so lu tio n  was a d ju s ted  by th e  ad d itio n  of 
5 ml* of ammonium hydroxide ammonium ch lo rid e  b u f fe r  (pH 10) and then  by |
d i lu te  ammonium hydroxide u n t i l  th e  pH was between 9 and 10. The so lu tio n  I
was t i t r a t e d  ?fith  0.030& M* EDIA usin g  Eriochrome Black T as the  in d ic a to r .
The end p o in t was from blue to  w ine«red. )
D eterm ination of bism uth in  the  e lu a te  i j
I
The e lu a te  of 300 ml. co n ta in in g  bism uth was evaporated down to  j
about 20 ml. A f te r  ooo ling , th e  so lu tio n  was d i lu te d  w ith  80 ml, of w ater 
5 ml* of 2 I I . n i t r i c  a d d . w as added. The pH of the  so lu tio n  was ad ju s ted  I
to  between 0*5 and 1 by the  ad d itio n  of d i lu te  ammonium hydroxide and 
f in a l ly  w ith  s o lid  ammonium a c e ta te  u n t i l  the  pH was about 2 to  2.3* Then I
sthe con ten ts  were t i t r a t e d  w ith  0.0506 M. EDTA using  Xylenol Orange as f
the in d ic a to r .  The end p o in t was from red  to  lemon yellow . |j
EXPERIMENTAL and RESULTS
S eparation  of t i n ( i v )  from i r o n ( l l l )
The mixed so lu tio n s  of i r o n ( m )  and tin(XV) in  hydroch loric  a c id  
medium were passed  through the  column and th e  i r o n ( l l l )  e lu te d  w ith  2 M. 
hydrochloric a c id | 10 ml p o r tio n s  of th e  e f f lu e n t  were c o lle c te d  by a 
f ra c t io n  c o l le c to r .  The same b a s ic  procedure was used in  the  sep ara tio n s  
from o th e r elem ents d escribed  below, (see  P ig . VTIX? p . 99)*
I n i t i a l l y 5 the  amount of i r o n ( l l l )  in  each f r a c t io n  was te s te d  
q u a n ti ta t iv e ly  by dropping 1 drop of the  e f f lu e n t  on a f i l t e r  paper and
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spraying  w ith  potassium  th iocyanate  so lu tio n  and observing the  in te n s i ty  
of th e  red  spot formed. The r e s u l t s  obtained  a re  given in  the Table 35 and 
Fig* IX(a) to g e th e r  w ith  the r e s u l t s  ob tained  in  th e  q u a n tita tiv e  methods 
in  which the  co n cen tra tio n  of the  iro n  and t i n  were determ ined by the  
methods o u tlin ed  above.
S e p a ra tio n  o f tin (T V ) from o o p p e r ( l l )
The amount of c o p p e r( ll)  in  each f r a c t io n  was determ ined semi- 
q u a n ti ta t iv e ly  by dropping 1 drop of the  e f f lu e n t  on to  a f i l t e r  p aper, 
spraying  w ith  ammonium sulphide so lu tio n  and observing the  in te n s i ty  of 
the b lack  spot formed. The r e s u l t s  ob tained  a re  given in  Table 3^ and in  
F igJX  (b) to g e th e r  w ith  the  r e s u l t s  ob ta ined  in  the  q u a n tita tiv e  methods 
in  which the  co n cen tra tio n  of the  copper and t i n  were determ ined by th e  
methods o u tlin e d  above.
S e p a ra tio n  o f t i n ( i v )  from n i c k e l ( l l )
The amount of n i c k e l ( l l )  in  each f ra c t io n  was determ ined semi- 
q u a n ti ta t iv e ly  by p lac in g  1 drop of th e  so lu tio n  on a f i l t e r  paper, - 
spraying  th i s  w ith  ammoniacal dimethylglyoxime and observing the in te n s i ty  
of p ink  spots so formed. R esu lts  ob tained  are  given in  the  Table 37 and Fig* 
l'”h. »c ) to g e th e r  w ith  the  r e s u l t s  ob ta ined  in  the  q u a n tita tiv e  methods in  
which the  co n cen tra tio n  of the n ic k e l and t i n  were determ ined by th e  
methods o u tlin e d  above.
S eparation  of t i n ( i v )  from o o b a l t ( l l )
The amount of c o b a l t ( i l )  in  each f r a c t io n  was determ ined semi- 
q u a n ti ta t iv e ly  by p lac in g  1 drop of the  e f f lu e n t  on a f i l t e r  paper and 
spraying vd th  ammonium sulphide so lu tio n  and then observing the  in te n s i ty  of 
b lack  spots formed. R esu lts  a re  given in  the  Table 38 and F ig . i r ( d )  together 
w ith  the  r e s u l t s  obtained  in  the  q u a n tita tiv e  methods in  which the concentra­
tio n  of the c o b a lt and t i n  were determ ined by the methods o u tlin e d  above.
S eparation  of tin (X F) from a lu m in iu m (ill)
The amount of aluminium in  each f ra c t io n  was determ ined semi- 
q u a n tita tiv e  l y  by dropping 1 drop of the  e f f lu e n t  on a f i l t e r  paper and 
spraying w ith  Aluminon so lu tio n  and observing the  in te n s i ty  of p ink  spo ts 
formed. R esu lts  obtained  a re  given in  the  Table39a®S.Fig.'I3E (e )  ‘bogetfeof w ith  
the r e s u l ts  ob ta ined  in  the q u a n tita tiv e  methods in  which the  co n cen tra tio n  
of the  aluminium and t i n  were determ ined by the  methods o u tlin e d  above.
S eparation  of t in ( lV )  from m anganese(il)
The amount of M n(ll) in  each f r a c t io n  was determ ined se m i-q u a n tita tiv e ­
ly  by using  5 drops of the t e s t  so lu tio n  and then  adding 5 drops of 6 M* NaOH, 
observing the in te n s i ty  of brown s o lu tio n  o r the  amount of p r e c ip i ta te  
of manganese d io x id e . A lte rn a t iv e ly ,  5 drops of th e  t e s t  so lu tio n  was 
added w ith  d i lu te  su lp h u ric  a c id  and follow ed by about 1 g . of sodium 
bism utate powder. The in te n s i ty  of p ink  so lu tio n  of permanganate was 
observed, The r e s u l t s  ob ta ined  a re  given in  the  T a b le d  and F ig .IX . ( f )
to g e th e r  w ith  th e  r e s u l t s  o b ta in ed  in  th e  q u a n t i ta t iv e  methods in  which 
th e  c o n c e n tra tio n  of th e  manganese and t i n  were determ ined  by th e  methods 
o u t l in e d  above.
S e p a ra tio n  o f t i n ( i v )  from l e a d ( n )
A m ix tu re  o f le a d  and tin(X V ) s o lu t io n  in  h y d ro c h lo ric  a c id  [th e  
c o n c e n tra tio n  o f le a d  c h lo r id e  s o lu t io n  was 0*0.02 M. ] ?fas p assed  th ro u g h  
th e  column. Lead was e lu te d  w ith  2 M. h y d ro ch lo ric  a c id  and 10 m l. p o r t io n s  
of th e  e f f lu e n ts  were c o l le c te d  by a f r a c t i o n  c o l l e c to r .
The amount o f le a d  in  each  f r a c t i o n  was determ ined  s e m iq u a n ti ta t iv e ly  
by p la c in g  1 drop o f th e  s o lu t io n  on a f i l t e r  pap er and sp ray in g  w ith  
ammonium su lp h id e  s o lu t io n  and observ ing  th e  i n t e n s i t y  o f b la ck  sp o ts  form ed. 
R e su lts  o b ta in e d  a re  g iven  in  th e  Table A1 and F ig . IX (g )  to g e th e r  w ith  th e  
r e s u l t s  o b ta in ed  in  th e  q u a n t i ta t iv e  methods in  which th e  c o n c e n tra tio n  
o f th e  le a d  and t i n  were determ ined  by th e  methods o u t l in e d  above.
S e p a ra tio n  o f tinfTV ') from antimony(V)
The amount o f an tim ony(v) in  each  f r a c t io n  was determ ined  sem i- 
q u a n t i ta t iv e  l y  by d ropping  1 drop o f th e  e f f lu e n t  on a f i l t e r  p a p e r , 
sp ray in g  w ith  1 : 1 s ta r c h  po tassium  io d id e  s o lu t io n  (1$  w/v s ta r c h  
s o lu t io n ,  10$ w/v p o tassium  io d id e  s o lu t io n )  and o b serv ing  th e  i n t e n s i t y  
of th e  dark  b lu e  sp o t form ed. R e su lts  o b ta in e d  a re  shown in  Table A3 and 
F igs (3) to g e th e r  w ith  th e  r e s u l t s  o b ta in e d  in  th e  q u a n t i ta t iv e  methods
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in  which the  co n cen tra tio n  of the  antimony and t i n  were determ ined by the  
methods o u tlin e d  above*
S eparation  of tin (l\T ) from a rse n ic (v )
The amount of a rse n ic  (Y) in  each f r a c t io n  was determ ined semi- 
q u a n ti ta t iv e ly  by p lac in g  1 drop of the  e f f lu e n t  on a f i l t e r  paper and 
spraying  w ith  stareh^potassium  iod ide  so lu tio n  (th e  same as  in  the  case 
of antimony) and observing the in te n s i ty  of the blue spot formed. R esu lts  a re  
shown in  Table 4-2*Rig*IX (^ to g e th e r  w ith  the  r e s u l t s  ob ta ined  in  the 
q u a n ti ta t iv e  methods in  which the  co n cen tra tio n  of th e  a rse n ic  and t i n  
were determ ined by the  methods o u tlin ed  above#
S epara tion  of tin(XV) from zinc
The amount of zinc in  each f r a c t io n  was determ ined semi q u a n ti ta t iv e ly  
by usin g  1 ml. of the  e f f lu e n t  to  which 5 ml* of b u f fe r  so lu tio n  
(ammonium ch lo rid e  + ammonium l^ydroxide, pH 10) and 5 ml* of co ncen tra ted  
ammonium hydroxide had been added. A f te r  the  a d d itio n  of 1 drop of 
Briochrome Black T, the  in te n s i ty  of th e  w ine-red so lu tio n  was observed. 
R esu lts  obtained  a re  shown in  TableM * Tig* XX (&) to g e th e r w ith  the r e s u l t s  
ob ta ined  in  the  q u a n ti ta t iv e  methods in  which the  co n cen tra tio n  of the  
zinc and t i n  were determ ined by the methods o u tlin ed  above.
S epara tion  of tin(XY) from bism uth
The amount of bism uth in  each f r a c t io n  was determ ined semi- 
q u a n ti ta t iv e ly  by dropping 1 drop of th e  e lu a te  on a f i l t e r  paper and
— 9S~
spray ing  w ith  ammonium sulphide so lu tio n  and observing the in te n s i ty  of 
b lack  spots formed* R esu lts  a re  shown in  Table 4-5 and Rig* IX (m) • to g e th e r  
w ith  th e  r e s u l ts  ob tained  in  the  q u a n tita tiv e  methods in  which th e  
co n cen tra tio n  of the  bism uth and t i n  were determ ined by the  methods 
o u tlin e d  above.
S eparation  of t i n ( i v )  from i r o n ( l l l ) ,  c o p p e r ( l l ) ,  n i o k e l ( l l ) , 
aluminium and antim ony(v)
An experim ent was c a r r ie d  out by using  a mixed so lu tio n  of t i n ( l ? )  
and o th e r in te r f e r in g  m e ta llic  ions* The mixed so lu tio n  was passed  through 
the  column and then  the in te r f e r in g  elem ents e lu te d  w ith  2 M. hydroch loric  
a c id . A fte r  th e  e lu tio n  was completed ( te s te d  by th e  use  o f ammonium su lph ide 
m ethod), t i n ( iv )  was e lu te d  by 3 M. n i t r i c  a c id . The amount of t i n ( iv )  
was determ ined by KDTA t i t r a t i o n  method and r e s u l t s  ob tained  a re  shown in  
Table 4-6*
-9 9 -
F ig .  V I I I .
’’C e n t r a l11 F r a c t io n  C o l le c to r  
( The C e n tra l  I g n i t i o n  C o ., London )
i
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El-gr* IX T 
( c o n tin u e d  )
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-1 0 2 -
Table 55o Separation o f tin (l\T ) from i r o n ( l l l )
Column Wt. of Pe Sn
*
EDI MO* Pe EDTA Pe Sn Th used Sn found
re s in ■ 0 taken found taken
Wo. g. ml. ml. ml. ml. mg. ml. mg. mg ml. mg.
sjs »is
1 2.0237 5 5 6o(a; 1 -  .
<S» »j5
2 2.0137 5 5 60 «S9 » . «a «9
3 2.0120 5 5 90 120 13.87 A. 88 13.81 28. 81*. 5.07 28*77
4 2.0071 10 1 120 120 27.73 9.80 27.73 5.77 8.79 5.72
5 2.0161 1 10 90 120 2.77 0.97 2.75 57.69 10.15 57^47
6 2.0091 7*5 2.5 120 120 20.09 7.09 20.05 14.42 7.38 14.44
7 2.0205 2.5 7.5 100 120 6.93 2.45 6.93 43.27 2.73
>
43.27
54 HD1 : 2 M| MO3 : 3 M. (a )  1 M.
** P relim inary  e:x£eriments see P ig . i x #
~10>
Table 36 . Separation of t in (XSf) from c o p p e r (ll)
0 0 ji W t.of Cu
ml.
Sn
ml.
*
HOI
ml.
MO*
ml.
Cu
taken
mg.
EDTA Cu Sn 
found taken 
mg. mg.
Th used Sn found
No* re s in
6 * ml. ml. mg*
** _ 1 2.0076 5 5 60 0 - ica ca - C9
2 2.0120 5 5 90 120 16,10 4*98 16.04 28.81*. 5.05
i
28.87
3 2.0076 5 5 90 120 16.10 3*00 16.10 28.84 5.06 28.80
Table 37. S eparation  of tin(TVQ from n ic k e l ( i l )
Column I t ,  of 
No. r e s in  
S*
Ni
ml.
Sn
ml.
*
H01
ml.
«
M 0*j
ml.
Ni
taken
mg.
EDTA
ml.
Ni
found
mg.
Sn
taken
mg.
Th
used
ml.
Sn found 
mg.
1 2.0161 3 3 70 r> <0 *» - CSI
2 2.0279 5 5 90 120 14.30 4*78 14.24 28.84 5*08 28.71
3 2.0118 10 1 110 90 28.61 9.58 28.55 5.77 8.79 5.72
4 2.0424 1 10 70 120 2.86 0.95 2.83 57.69 10.12 57.65
* HJl t 2 M.| HNO-j : 3 M*
$$ . .P re lim in ary  experim ents see F ig . IX.
Table 38 . Separation o f tin(XV‘) from o o b a lt ( l l )
Column
No.
Wt. of 
r e s in  
g.
Co
ml*
Sn
ml.
*
HC1
ml.
m oj
ml.
Co taken 
mg.
EDTA
ml.
Co Sn Th 
found taken  used 
mg. mg. ml.
Sn found’ 
mg.
** 1 2.0354 5 5 70 - « * c a i « »  o n -
2 2.0230 5 5 90 120 14.83 4.95 14.75 28.84 5.07 28.77
3 2.0518 5 5 90 120 14.83 4.98 14.85 28.84 5.06 28 c 84
Table 39. S eparation  of tin(TV ) from a lu m in iu m (lll)
Column Wt. of A1 Sn
*
H01 HM0* A1 Zn A1 found Sn Th Sn found
re s in r ' taken taken  used
No. g« ml. ml. ml. ml. mg. ml. mg. mg. ml. mg.
**
1 2.0183 5 5 70 - ca 0 ~ ■a ca
2 2.0145 5 5 90 120 6 .7 7 5.10 6.80 28*84 5.07 28.77
3 2.0195 5 5 90 120 6 .77 3.12 6.77 28.84 5.05 28.89
* HOI : 2 M-; BNQ^  : 3 M.
P re lim in ary  Experiments see E ig . IX*
Table 4 0 . Separation o f t in ( iy )  from m anganese(ll)
Column Wt. o f 
r e s in
Mn Sn
*
EDI M0* Mn
taken
EDTA Mn Sn 
found tak en
Th
used
Sn found.
No* g- ml. ml. ml. ml. mg. ml. mg. mg. ml. mg.
*• x 2.0471 5 5 80 ea - - •9 *0 -
2 2.0229 5 5 100 120 13.87 4.98 13.84 28.84 5..06 28.80
3 2.0153 5 5 100 120 13.87 4.98 13.84 28.84 5.07 28.77
Table 41. S eparation  of t in ( lV )  from l e a d ( l l )
Column
No.
Wt. of 
re s in  
g.
Pb
.m l. '
Sn
ml.
*
M l
ml.
M0*
ml.
Pb
tak en
mg.
EDTA Pb
found 
ml* mg.
Sn Th 
ta k en  used 
mg. ml.
Sn found 
mg.
**
1 2.0540 10 5 80 <=* - ca - «s» «s
2 2.0612 10 5 80 120 5.56 1.99 5.54  28.84 5.07 28.77
3 2.0358 10 5 80 120 5 .56 1.98 5.51 28.84 5.05 28.87
EDTA t 0.0101 M.
* HD1 : 2 M. |  MO, : 3 M.j
P relim inary  experim ent see Fig* IX*
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Table 42 Separation o f t in f ! ? )  from a r se n ic (y )
Column
No,
Wt, of 
r e s in  
g*
As
ml.
Sn
ml.
*
HOI
ml.
JEQ3
ml.
As
taken
mg.
NaoSoOx-- in- 1 j ^ j~--- 1
ml.
As Sn Th 
found taken used 
mg. mg. ml.
Sn
found
mg.
** x 2.0162 5 5 80 r » C3 €St - -
2 2.0333 5 5 90 120 37.04- 9.34- 36.90 28 .84  5.07 28.77
3 2.04-56 5 5 90 120 37.04- 9.85 36.94 28.84 5.07 28.77
Table 43 S eparation  of tin(X\T) from antimony(Y)
Column Wt. of 
r e s in
Sb Sn
*
HC1 SB* Sbtaken
Na gS,2 .^3 fb  Sn Th 
found taken  used
Sn
found
Wo. g* ml. ml. ml. ml. ml. ml. mg. mg. ml* mg.
1 2.0001 5. 10 150 «s> «a C9 CO
. 1
2 2.004-1 5 10 250(a) « - CT» - C3 C3
2.0093 5 5 90 <a - ca (0 ua wo
4. 2.0021 5 10 I 60 51 .2 8.36 51.0 0 « S3
5 2.0154- 5 5 90 0 20 .6 3.36 20.5 «a a a
6 2.0113 1 10 60 120 5.12 0.83 5.06 57.69 10.13 51.53
7 2.0132 10 1 150 100 51.24- 8.36 51.00 5.71 8.78 5c78
8 2.0087 2.5 7 .5 90 120 12.81 2.08 12,69 43.2 l  2.75 43.15
9 2.0107 7 .5 2 .5  14-0 90 38.4-3 6.30 38.4-3 14.42 7-40 3JW32
10
. . . . .
2.0074- 5 5 90 120 25.62 4-.17 25.4-4- 28.84 5.06 28.80
HOI : 2 M.j HNO3 : 3 M. P re lim in ary  experim ents see P ig  IX (a)=  1 M.
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Table 44» Separation o f t in (r v )  from z in o ( l l )
Column
No*
Wt. of 
re s in  
g.
Zn
ml.
Sn
ml.
H01
ml.
HTCL3
ml.
Zn
taken 
mg. ■
EDTA
ml.
Zn Sn Th 
found taken used 
mg. mg. ml.
Sn
found
mg.
1 2.0157 5 - 100(a) 19 - C9 c» 0 -
2 2.0124 5 5 240(b) C9 - K9 - «9
3 2.0317 5 5 250(b) 120 16.61 5«00 16.54 29.31 5.08 29.31
4 2.0541 5 5 250(b) 120
\/
16 .61 5.04 16.67 29.31 5.10 29.19
3 2.0575 5 5 250(b) 120 l 6 , 6l 5 .0 2  16 .61  29.31 5.07 29.37
Table 45 . S eparation  of tin (T 7 ) from bism ut h ( m )
Column
No.
Wt. of 
r e s in  
g.
Bi
ml.
Sn
ml.
H01
ml.
m o *
ml.
Bi
taken
mg.
EDTA
ml.
Bi
found
mg.
Sn Th 
taken used 
mg. ml.
Sn
found
mg.
1 2 . 0 1 4 5 5 w 160 - a <T9 ca
2 2 , 0 5 0 7 5 « 200( C )  ~ C99 •=* C9
**3 2 . 0 2 4 3 5 5 270( b ) 09 W> *9 - - -
4 2 . 0 6 0 7 5 5 300( b ) 120 5 2 , 3 5 4 . 9 2  5 2 . 0 4  2 9 . 3 1 5 . 0 9 2 9 . 2 5
5 2 , 0 5 4 5 5 5 300( b ) 120 5 2 . 3 5 4 . 9 4  5 2 . 2 5  2 9 . 3 1 5.10 2 9 . 1 9
6 2.0610 5 5 300( b ) 120 5 2 . 3 5 4 . 9 3 5 2 . 1 5 2 9 , 3 1 5.08 2 9 . 3 1
MO* : 3 M. P re lim in ary  experim ents see Pig* IX
(a ) 0.01 M. (c )  6 M.
(b ) 10 M.
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Table 46. Separation o f t in ( iv )  from some in te r fe r in g  elem ents
Column Wt. of 
r e s in
Sn Cu Ni Al Fe Sb HC1
used
HN0
usea
Sn taken Sn found.
No. j£a. ml. ml. ml. ml. ml. ml. m l. ml. mg.
1 2.0193 5 5 5 5 _ 5 150 120 28.84 28.95
2 2.0326 5 5 5 5 5 5 150 120 28.84 28.71
S eparation  of t in ( iv )  from z in c ( I I ) or b ism u th ( lll)  by G radient E lu tio n
In  stepw ise e lu tio n  of z in c ( l l )  or b ism u th ( lll)  w ith  10 M. hydroch lo ric  
a c id , a co n sid e rab le  amount of ac id  was req u ired  to  complete removal of zinc 
o r bismuth from the  column. Thus i t  was d e s ira b le  to  employ the  g rad ien t 
e lu tio n  technique fo r  e lu tin g  such ions in  o rder to  reduce the amount of ac id  
req u ired  in  complete e lu tio n  or on the  o th er hand to  reduce the  column of the 
e f f lu e n t .
As a lread y  mentioned in  the previous se c tio n , in  the g ra d ie n t e lu tio n  
the  co n cen tra tio n  of the  so lu tio n  en te rin g  the column a t  time t  given by s -
C l(eVAr0 - 1) + C0
0 = 7 Ane /  0
For the  e lu tio n  of zinc and bism uth in  the p resen t work, 10 M. 
hyd roch lo ric  ac id  was employed in  the  re se rv o ir  ( i . e .  = 10) and 4 M*
hydroch lo ric  ac id  in  the  mixing chamber ( i . e .  0^ = 4 ) .  The volume in  the  
l iq u id  in  the mixing chamber was f ix e d  a t  25 ml. ( i . e .  Vq = 2 5 ) .  Therefore 
the co n cen tra tio n  ( i . e .  C) of th e  ac id  en te r in g  the  column a t  time t  was 
c a lc u la te d . The value of C obtained  i s  given in  the  Table 47.
R esu lts  obtained  from p re lim in ary  s tu d ie s  and the sep a ra tio n  of 
zinc and bism uth from t i n ( i v )  are  given in  T ables 48 and 49 and P ig . IX (p) 
and IX (q ) .
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Table 47* The o a lo u la ted  value of C in  th e  g rad ien t e lu tio n
V e 0 6 C = 10 -  6
V ve *0 CD
< >
10 0*4 1*49 4*03 5.07
20 0*8 2.22 2.70 7.30
30 1.2 3.32 1.81 8.19
40 1*6 4*95 1.21 8,79
50 2c0 7.38 0.81 9.19
60 2 .4 11.00 0.55 9.45
70 2.8 16.41 0.37 9.63
80 3*2 24.46 0.25 9.75
90 3*6 36.51 0.16 9 .84
100 4 .0 54*45 0.11 9.89
110 4*4 81.21 0.07 9.93
120 4 .8 121.12 0.05 9.95
130 5 .2 180.63 0.03 9.97
140 5.6 269.40 0.02 9.98
150 6.0 401.79 0.01 9.99
16 o 6 .4 599.23 0.01 9.99
170 6.8 893.73 0.007 9.993
18o 7 .2 1333*0 0.005 9.995
190 7 .6 1987.9 0.003 9.997
j 200 8 .0 2964.8 0.002 9.998
Where ss 25 ml.
Cl •
a0*—i11
C0 = 4  M.
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Table S eparation  of tin (l\T ) from z ln o ( l l )  by G radient E lu tio n
Column
No.
Wt. of 
r e s in ,  
gm.
Zn
ml.
Sn
ml.
Acid E luant 
requ ired(m l)
UNO*
used
ml.
Zn
taken
mg.
EDTA
ml.
Zn
found
mg.
Sn Th Sn 
taken used found 
mg. ml. mge
1 2.0319 5 5 180 «a cs> *8* 09  «B»
2 2.0250 3 5 190 120 16 .61  5.00 16 .54  29.31  5.07  29.37
3 2.0168 5 5 190 120 16.61  5 .0 4 16.67  29.31 5.09 3 .2 5
Table 49* S eparation  of tin(XV) from b is m u th (m )  by G radient E lu tio n
Column
No*
Wt. of 
r e s in  
g*
Bi
ml.
Sn
ml.
Acid E luant 
re q u ire d  (ml)
MO3
ml.
Bi EDTA
taken 
mg. ml.
I
Bi Sn Th Sn I
found taken used found? 
mg. mg. ml. mg. f
r
**1 2.0405 5 5 190 - ma «» ca ms»
2 2 .026A 5 5 200 120 52.35 4*94 52.25  29.31  5.08  29.31 ;
3 2 .035o 5 5 200 120 52.33 4*93 52.15  29.31  5.09  29.25  i
See Fig* IX (p ) f o r  Zn* 
" " XX (<l) f o r  Bi*
Conclusions and Discussion, f o r  the  Ion^Exohange S eparation  of Tin
f r om some In te r f e r in g  Elements
Tin(XV) in  hydrochloric a c id  media may be sep ara ted  from antimony(v) 
i r o n ( m ) j  n i c k e l ( u ) ,  c o b a .l t( l l ) ,  m anganese(n ), a lu m in iu m (lll) , o r arsen ie(V  
by usin g  anion exchange r e s in  (Be A c id ite  FF) and 2 M. hydroch loric  a c id  
ag an e lu tin g  ag en t. In  the  e lu t in g  procedure, t in ( lF )  i s  re ta in e d  on the  
r e s in  column w h ils t  the above in te r f e r in g  elem ents a re  e lu te d . T in (lv )  
i s  subsequently  e lu te d  w ith  3 M. n i t r i c  a c id .
By using  the  same r e s in ,  t in ( lV )  may be sep ara ted  from l e a d ( l l ) ,  
z in c ( l l )  or b is m u th (m )  by e lu t in g  th ese  w ith  10 M. hydroch loric  a c id  and 
subsequently  e lu tin g  th e  tin (l\T ) w ith  3 M. n i t r i c  a c id .
T in (l7 ‘) in  the  e lu a te  may be determ ined by EBTA back t i t r a t i o n  
w ithout lo s s  of accuracy . The EBTA method of t i t r a t i o n  may a lso  be employed 
in  th e  de term ination  of the  above elem ents s tu d ied  except in  th e  cases 
of arsen ic(V ) and antim ony(v), Yrhere an iodom etrio procedure i s  used .
PAST IV
APPLICATION OF METHODS TO DETERMINE TIN 
IN ITS CONCENTSATES AND ALLOYS
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A pplioation  of Anion Exchange S eparations to g e th e r  w ith  the  EDTA 
T itr a t io n  f o r  the  D eterm ination of Tin in  A lloys and C oncentrates
In tro d u c tio n
I t  was shown in  the  previous se c tio n  th a t  a number of in te r f e r in g  
elem ents could be sep ara ted  from t i n  from an anion exchanger in  the 
c h lo rid e  form by the  e lu tio n  w ith  2 M* o r  10 M. hydroch loric  a c id . Tin 
was re ta in e d  on the r e s in  and subsequently  e lu te d  w ith  3 M. n i t r i c  a c id .
In  th i s  s e c tio n , in form ation  of the  sep ara tio n  experim ents as 
described  in  the  p revious se c tio n  was employed in  an a ttem pt to  achieve 
the se p a ra tio n  and determ ination  of t i n  from some of th ese  in te r f e r in g  
elem ents in  m a te r ia ls  commonly encountered, e .g .  a l lo y s , concen trates*
Methods used f o r  the D isso lu tio n  of Tin in  A lloys and C oncentrates
Two methods were used to  d isso lv e  t i n  a llo y s  and co n cen tra tes .
(1) Using 6 M. hydroch loric  a c id  and hydrogen perox ide:
A known w eight of the sample was d isso lv ed  in  a sm all amount of 6 M. 
hydroch loric  a c id  w ith  the  a id  of about 1 ml. of hydrogen peroxide (30^ w/v 
or 100 volumes)*
(2) By fu s io n  w ith  sodium peroxide in  a n ick e l c ru c ib le  (o r  iro n  
c ru c ib le ) :  A known weight of the  sample was fused  w ith  about 15~20 gm. of 
sodium perox ide . The s o lid  mass was leached  w ith  v/ater and d isso lv ed  in  
hydroch loric  a c id . The so lu tio n  was d i lu te d  to  a volume and kep t as a 
stock  so lu tio n  f o r  the determ ination  of tin *
The second method was employed only when the  f i r s t  method f a i l e d  to  
achieve complete so lu tio n  of the  sample5 th i s  occurred  w ith  those  samples 
w ith  a high s i l i c a  co n ten t. However, a p a r t from th ese  s i l ic e o u s  
samples the f i r s t  method was used since i t  was somewhat more simple and 
req u ired  le s s  p recau tio n s  to  be taken .
D e ta ile d  procedures f o r  the d is s o lu t io n , sep a ra tio n  and de term ination  of t i n  
Procedure I
An a c c u ra te ly  weighed- sample con ta in ing  about 50 mg. of t i n  was 
q u a n ti ta t iv e ly  t r a n s fe r re d  in to  a 100 ml. narrow mouth co n ica l f la s k .  A fte r  
p lac ing  a sm all g la ss  funnel (about 2 cm. in  d iam eter) on th e  f la s k ,  10 ml. 
of 6 M* hydroch loric  a c id  was g rad u a lly  added through the  fu n n e l, making sure 
th a t  a l l  the  sample was in  the  a c id  and no t s tic k in g  on the. in s id e  w all of 
the f la s k ,  The con ten ts  of the  f la s k  were then g rad u a lly  warmed on an 
e le c t r i c  h o t-p la te .  A fte r  the ev o lu tio n  of gases had ceased , 1 ml. (o r  le s s )  
of 30% w/v hydrogen peroxide was added dropwise. A f te r  the s o l id  con ten t 
had been d isso lv e d , 15 ml. of w ater was added and the  so lu tio n  b o ile d  f a r th e r  
fo r  some time to  d estro y  any excess hydrogen perox ide . A fte r  co o lin g , the 
g lass  funnel and the  in s id e  w all of the f la s k  were r in se d  w ith  th e  l e a s t  
amount of w ater.
The whole so lu tio n  in  the  f la s k  was t r a n s fe r re d  q u a n ti ta t iv e ly  to  
a sep a ra tin g  fu n n el which had been p laced  over an anion«exchange column.
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The so lu tio n  was then passed  through the column and follow ed by e lu tio n  
w ith  60 ml. of 2 M. hydroch loric  a c id  w ith  the  r a te  no t exceeding 10 m l./^  
A fte r  the  f i r s t  e lu tio n  had been com pleted, the  column was e lu te d  w ith  a 
f u r th e r  60 ml* of 10 M. hydroch loric  a c id  a t  the same ra te*  A ll e f f lu e n t  
was d iscarded  a f t e r  e lu tion*  The re c e iv e r  of the  e f f lu e n t  was then  
rep laced  and the column was e lu te d  w ith  120 ml. of 3 M. n i t r i c  a c id  a t  the  
same r a t e .  A f te r  the com pletion of the  e lu t io n ,  the  so lu tio n  was kept 
f o r  the de term ina tion  t i n  by EDTA t i t r a t i o n .  The de term ination  procedure 
was ex a c tly  the  same as has been described  in  the  p revious se c tio n  (p . 87 ) .
procedure I I
A t i n  sample of known w eight con ta in ing  about 25 mmole of t i n  was 
tra n s fe r re d  in to  a n ick e l o ru c ib le  of 60 ml. cap ac ity  in  which had been 
p laced  10 g* of sodium perox ide . The m ixture was mixed and then  covered 
w ith  an o th er 10 g . of sodium perox ide . The c ru c ib le  was covered lo o se ly  
w ith  a l i d  and then  heated over a Bunsen flame* When the co n ten t had 
m elted q u ie t ly ,  the  c ru c ib le  was held  w ith  tongs and tw ir le d  f o r  2 m inutes. 
The m elt was allow ed to  cool on the  s id es  of the  c ru c ib le  by slow tw ir l in g . 
A fte r  co o lin g , th e  c ru c ib le  was s e t  on i t s  s ide  in  a 400 ml. beaker and 
covered w ith  a watch g la s s .  100 ml. of w ater was g rad u a lly  added and 
leached . A f te r  the ev o lu tio n  of gas had ceased , l i d  and c ru c ib le  were 
removed and washed w ith  the l e a s t  amount of 3 M. hydroch loric  a c id . About 
120 ml. of co n cen tra ted  hydroch loric  a c id  (sp . g r .  1 .18 ) was c a re fu l ly  and
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g ra d u a lly  added to  th e  b eak er to  d is s o lv e  a l l  r e s id u e . A f te r  c o o lin g , 
th e  s o lu t io n  was t r a n s f e r r e d  in to  a 500 ml. v o lu m e tric  f la s k  and d i lu te d  
to  th e  mark w ith  w a te r and k ep t as a s to c k  s o lu t io n  f o r  th e  d e te rm in a tio n  
o f t i n .
An a l iq u o t  o f 20 o r 25 m l. o f th e  s to c k  s o lu t io n  was tak en  fo r  
d e te rm in in g  t i n .  The subsequent p rocedure f o r  th e  d e te rm in a tio n  o f t i n  
was fo llow ed  e x a c tly  th e  same as p rocedure  I .
Samples used  in  Tin A n aly sis
M a te r ia ls  used  f o r  th e  t i n  d e te rm in a tio n  a re  shown in  Table 50*
Table 50» Samples used  in  T in A n aly sis
Sample
No. M a te ria ls
P ercen tag e  com position
Zn Cu Pe Pb As Bi Mn Ni Sb P S WO3 Te Sn
43G Tin con­
c e n tr a te s
*
-  0.01  1.26  0 4 3  0.07  0 . 0 2  0.22  -  -  - O . O 4 O .57  -  72 . 9-
8b White
m etal
—...—--------— 11......... . 11 #
0 .0 4  4*30 -  4 .15  -  -  7 .45  -  -  -  -  8 3 .7 -
436 B a b b itt 3.96  0.06  0.70 6.94  0.11  88.23
437 B a b b itt
**
3.26  0 . 0 7  0.20 7.55  Q J .2 88.80
Cl 10 
(no*
Lead- 
Bronze 
A lloy  
homo­
geneous )
0.05 i a 8 0.08 0.21  a 0i 8 0.10  1015
-  s tro k e  a f t e r  th e  s ig n i f i c a n t  f ig u r e  in d ic a te d  th e  l im i t  o f  accu racy  
o f  th e  a n a ly s is  (su p p lie d  by th e  Bureau o f A nalysed Samples L im ited ),
, f ig u r e s  were o b ta in ed  by d i f f e r e n c e s .
R esu lts  and d iscu ssio n
The r e s u l ts  ob tained  f o r  the  a n a ly s is  of t i n  in  t i n  co n cen tra tes  
(A3 G) and w hite m etal (8b) are  shown in  Tables 51 and 52 respectively . I t  
i s  shown th a t  the  r e s u l t s  are  s a t i s f a c to ry  since the f ig u re s  ob ta ined  from 
the  p re se n t work d i f f e r  from those quoted by the  Bureau of Analysed Samples 
L td . , by only 4 0.4$*
In  the  cases of B ab b itt m etal (sample 436) (Table 53), and B ab b itt 
m etal (sample 437) (Table 54)| r e s u l t s  ob tained  from the p re sen t work a re  
somewhat h igher than those rep o rted  in  Table 50. The p o ss ib le  ex p lan a tio n  
i s  th a t  the  f ig u re s  of the a n a ly s is  in  Table 50 are  ob tained  by d iffe re n c e .
In  th e  case of the  lead^bronze a l lo y  (C l 10) as shown in  Table 55 
the  r e s u l t s  ob ta ined  from th i s  p re sen t work a re  a b i t  s c a t te re d  s ince i t  
proved im possible to  sample adequately  from a b lock  of the a l lo y  th a t  was 
very  c le a r ly  inhomogeneous. The average percentage of t i n  from th i s  work 
i s  9*69 4 o .l6  which compares w ith  10*15$ which i s  ob tained  from the  o th e r 
method.. •
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Table 51
Determ ination o f Tin in  Tin Concentrates (430-)
Column Wt# of Resin Th(TV) used % Tin
No. ,£*. ml. found
1 2*0659 4*50 72*63
2 2*0366 4*51 72.49
3 2.0322 4*51 72.49
4 2.0343 4*49 72.76
5 2*0235 4*50 72.63
6 2.0326 4*50 72.63
............................... .....
Average 72.60  i  0.08
Sample Tin co n cen tra tes  (43G-) see Table 50*
Method of d is s o lu tio n  Sodium peroxide fu sio n
Sample s ize  0*904-0 g. of t i n  co n cen tra tes  in  499*95 ml* of stock  so lu tion*
Volume of stock  so lu tio n  taken f o r  a n a ly s is  24*97 ml.
S teps of e lu tio n  120 ml# of 2 M. hydrochloric acid*
6o ml. of 10 M* hydroch loric  acid*
150 ml* of 3 M. n i t r i c  acid*
ffloYfing r a te  approxim ately 10 ml*/6 min.
EDTA t i t r a t i o n  of tin(XV)
EDTA (0*0506 Mo) added in  excess s  10*01 ml* 
1 ml* of thorium (rv) = 1.01 ml* of EDTA 
working pH =: 2*5 -  3*0
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Table 52
D eterm ination of Tin in  White M etal (8 b ,)
Column Wt. of r e s in Th(XV) used fo Tin •
No. • &• ml* found -
1 2 . 0 1 9 9 A .  6 8 83*62
2 2 . 0 5 0 4 4 * 7 0 8 3 * 4 3
3 2 . 0 2 6 3 4 * 7 0 8 3 . 4 8
A 2 . 0 6 3 0 4 . 7 0 8 3 * 4 8
Average 83.52  i  0.05
----------- 1
Sample White m etal (8b*) see Table 50.
Method of d is s o lu tio n  Sodium peroxide fu s io n .
Sample s iz e  0*7578 g. of w hite m etal in  500*00 ml. of stock  so lu tio n .
Volume of stock  so lu tio n  taken  f o r  a n a ly s is  24*97 ml.
S teps of e lu tio n  120 ml. of 2 Mi hydroch loric  a c id .
6o ml. of 10 M. hydroch loric  a c id .
120 ml. of 3 M. n i t r i c  a c id .
Flowing r a te  approxim ately 10 m l./6  min.
EDTA t i t r a t i o n  of t i n ( iv )
EDTA (0.0506 M.) added in  excess = 10.01 ml.
1 ml. of thorium(XV) = 1.01 ml. of EDTA 
working pH = 2.5 -  3*0.
Table 53
Determ ination o f t in  in  Babbitt Metal (436)
Column Wt. of r e s in Th(XV) used % Tin .
No. ml. found
1 s t run : O.6906  g. of sample in  499*95 ml. so lu tio n
1 2•0616 5*92 88.93
2 2.0376 5.94 88.49
3 2.0607 5.93 88.71
2nd run : 0*6782 g. of sample in  499*95 ml. so lu tio n
1 2.0450 5.94 88.56
2 2.0518 5.94 88.56
3 2.0545 5*93 88.78
Average 88.67  * 0.13
Sample B abb itt m etal (436) see Table 50.
Method of d is s o lu tio n  Sodium peroxide fu sio n
Volume of stock  so lu tio n  taken f o r  a n a ly s is  20*00 ml.
S teps of e lu tio n  6o ml. of 2 M hydrochloric a c id .
6o ml. of 10 M. hydrochloric a c id  
120 ml. of 3 M n i t r i c  a c id .
EDTA t i t r a t i o n  of tin(XV)
EDTA (0.0506 M.) added in  excess = 10.00 ml. 
1 ml. of thorium(TV) = 1.01 ml. of EDTA 
working pH 2.5 °  3*0
Table 54
D eterm ination of t i n  in  B ab b itt Metal (437.)
Column Wt. of r e s in Th(X7) used % Tin
No. &L ml. found
l s^ run : 0.6645 g. of sample in  500-.00 ml. of so lu tio n  !;
1 2.0444 5.33* 90.84
2 2.0615 5.93* 90.84
3 2.0866 5.93* 90.84
4 2.0590 5.94* 90.61
5 2.0447 5.92** 90.84
6 2.0391 5.92** 90.84
7 2.0405 5.93** 90.84
2nd run • 0.6158 g. of sample in  500.00 ml. of so lu tio n
1 2.0394 6.23** 90.46
2 2 .0 5 H 6.23** 90.46
3 2.0383 6.23** 90.46
Average 90.68 t  0.17
* 10.01 ml. of EDTA v/as added.
** 10.00 ml. of EDTA was added*
Sample B ab b itt m etal (437) see Table 50.
Method of d is s o lu tio n  Sodium peroxide fu s io n ,
Sample s iz e  As in d ic a te d  in  the  Table above.
Volume of stock  so lu tio n  taken  f o r  a n a ly s is  20.00 ml. 
S teps of e lu t io n  So ml. of 2 M. hydroch loric  a c id .
6o ml. of 10 M. hydroch loric  a c id .
120 ml. of 3 M. n i t r i c  a c id .
E l owing r a te  approxim ately 10 ml/6 min.
EDTA t i t r a t i o n  of tin (X 7)
EDTA (0.0506 M.) ad.ded as in d ic a te d  by * or ** 
1 ml. thorium(XV) = 1.01 ml. of EDTA.
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Table 55
D eterm ination of t i n  in  Lead bronze a l lo y  (CX 10)
Column
No.
Wt. o f R esin  
£•
Wt 0 of Sample 
i&j.
T h(rv) used  
m l.
%  T in
found
1 2.0473 0.5291 1.76 9.33
2 2.0696 0.4966 1.97 9.69
3 2.0561 0.4282 2.82 9*97
A 2.1084 0.4534 2.78 9.52
5 2.0777 0.4947 1.90 9.81
6 2.0211 0.5007 1.94 9 .6 4
7 2.0382 0.4183 3.30 9.58
8 2 . 06U 0.4410 2.63 9.99
Average 9.69  *° O.16
Sample Lead bronze a l lo y  (CHO) see Table 50,
Method of d is s o lu tio n  D isso lved  in  6 M. hydrochloric  a c id  w ith  the
a id  of hydrogen perox ide .
Steps of e lu tio n  6o ml* of 2 M. hydrochloric a c id .
6o ml. of 10 M« hydrochloric a c id .
120 ml. of 3 M. n i t r i c  a c id ,
glowing ra te  approxim ately 10 m l,/6  min.
EDTA t i t r a t i o n  of tinCXV*)
EDTA (0.0506 M.) added in  excess = 10*00 ml,
1 m l. thorium(XV') £ l# 0 l  ml. of EDTA. 
pH of t i t r a t i o n  medium = 2.5 -  3*0
PART V 
GENERAL CONCLUSIONS
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A. DETERMINATION Og TIN
In the t i t r im e t r i c  method f o r  th e  determ ination  o f t i n ( l l )  
u sing  iod ine  s o lu tio n , the  d isadvantages a re  th a t  the iod ine  so lu tio n  
i s  no t s ta b le  and needs freq u en t re s ta n d a rd is a tio n , and th a t  the  
so lu tio n  being t i t r a t e d  must be under an in e r t  atmosphere (u su a lly  of 
carbon d io x id e ). The m odified EDTA d i r e c t s t i t r a t i o n  method using  
methylthymol b lue as the  in d ic a to r  which i s  d escribed  in  th i s  work 
seems to  provide a more convenient approach to  the  de term ina tion  of 
t i n ( l l )  in  t i n ( n )  c h lo rid e  so lu tio n . I t  can be seen from the  r e s u l t s  
th a t  i t  i s  bo th  accu ra te  and rep ro d u c ib le . The main d isadvantages o f th e  
method a re  th a t  i f  phosphate o r a rse n a te  i s  p re sen t in  th e  mole r a t io  
of Sn : PO^ o r Sn : AsO^ g re a te r  than  1 : 1 , considerab le  in te rfe re n c e  
i s  formed. In  the  iodom etrio method, phosphate does no t in te r f e r e  
b u t a rsen a te  does. Purtherm ore, i ro n , n ic k e l ,  c o b a lt ,  z in c , manganese, 
aluminium, le a d  and bism uth do no t in te r f e r e  in  th e  iodom etrio 
t i t r a t i o n  of t i n ( l l )  whereas they  in te r f e r e  in  the  EDTA t i t r a t i o n  method.
In  the p re p a ra tio n  of t i n ( l l )  ch lo rid e  s o lu t io n , i t  i s  necessary  
to  use an excess o f 1 o r 2 M. hydroch lo ric  a c id  to  p reven t the h y d ro ly sis  
of t i n ( l l ) .  Thus the o r ig in a l  t i n ( l l )  so lu tio n  i s  h igh ly  a c id ic ,  i t  i s  
d i f f i c u l t  to  use p y rid in e « a c e tic  a c id  b u f fe r  alone f o r  bo th  n e u tr a l is a t io n  
of the  excess a c id  and a d ju s tin g  the  pH of the so lu tio n  to  between 5*5 
and 6 .0  as d escribed  in  the  o r ig in a l  Dubsky method. R esu lts  show 
th a t  the  amount of p y r id in e « a ce tic  a c id  b u f fe r  re q u ire d  f o r  10 ml. of
about 0.05 M. t i n ( l l )  in  about 1 .5  M. hydrochloric ao id  i s  about 50 ml. 
o r  more, and m o r e o v e r  a t  a pH of about 5 .6  p r e c ip i ta t io n  occurs* This 
may be overcame by the  ad d itio n  of a s u ita b le  volume of the  b u ffe r  
so lu tio n  and follow ed by 2 M. ammonium hydroxide u n t i l  the pH of the  
so lu tio n  I s  a d ju s te d  to  the  req u ire d  l e v e l .
Thus i t  would seem th a t  th i s  m odified t i n ( l l )  « EDTA method i s  
s u f f ic ie n t ly  r e l ia b le  and accu ra te  to  be recommended as a su ita b le  method 
and s tan d  a longside o th e r  s tandard  methods a lread y  accep ted .
In  the  determ ination  of t i n ( iv )  u s in g  io d in e  s o lu tio n , the 
t i n ( i v )  must f i r s t  be reduced to  t i n ( l l )  u sing  iro n ,  le a d  or n ick e l 
m etal in  hydroch loric  a c id . The procedure must be c a r r ie d  out in  an 
in e r t  atmosphere and takes about one hour to  ensure complete red u c tio n . 
O bviously, th i s  method i s  time«consuming in  comparison w ith  the EDTA« 
t i t r a t i o n  method in  which p r io r  red u c tio n  i s  no t re q u ire d . Thus, th e  
m odified  ED TA~titration method which i s  described  in  t h i s  work o f fe rs  
c e r ta in  advantages. The presence of phosphate o r a rse n a te  in  th e  
s o lu tio n , however, causes p re c ip i ta t io n  p r io r  to  t i t r a t i o n  and thus th ese  
io n s  again  in t e r f e r e .  In  the  presence of some c a tio n s  (a s  describ ed  
in  P a r t  I I ) ,  th e  method i s  com plicated by the  f a c t  th a t  s e le c tiv e  
masking agen ts have to  be employed. Cyanide, c i t r a t e ,  t a r t r a t e ,  and 
f lu o r id e  which a re  w idely used masking agen ts cannot be employed.
Cyanides a re  n o t s ta b le  a t  such low pH (between 2 ,5  and 3) s ince they  a re  
converted  to  hydrogen cyanide which i s  evolved. C itr a te  and t a r t r a t e
“1 2 4“
mask thorium and f lu o r id e  masks t in ( lV ) ,  A ll of th ese  f a c ts  l im i t
th e  use of t h i s  EDTA back t i t r a t i o n  f o r  the e s tim a tio n  of t in ( iv )*  |j
B. SEPARATION OE TIN |
Eqr the  determ ination  of t i n  in  i t s  a l lo y s ,  co n cen tra tes  or o re s , 
i t  i s  e s s e n t ia l  to  sep ara te  t i n  from the  in te r f e r in g  elem ents in  o rder 
to  g e t a s a t i s f a c to iy  r e s u l t .  In  t h i s  work, an anion«exchange technique [
in  hydrochloric  a c id  media has been s tu d ied  and v a rio u s  sep a ra tio n s  were 
c a r r ie d  o u t. I t s  use i s  recommended f o r  the fo llow ing  reasons: j
CO The b a s ic  p r in c ip le s  of the  technique and the behaviour j
o f many m eta l-ch lo ro  complexes on anion exchangers have been w ell 
developed and e s ta b lis h e d  [122] ,
( 2 ) The technique i s  sim ple in  opera tion  in  comparison w ith  th e  |j
o th e r  methods commonly employed, namely d i s t i l l a t i o n ,  so lven t e x tr a c t io n , j
and p r e c ip i ta t io n ,  |!
(3 ) A f te r  e lu tio n  from the  anion exchange 001101101 bo th  t i n  and th e  f 
in te r f e r in g  elem ent (o r  elem ents) can be determ ined q u a n ti ta t iv e ly  
w ithout much d i f f i c u l ty  s ince the  in te r f e r in g  elem ent i s  p re se n t in  a | i  
hydrochloric  a c id  and tin (lV “) i s  in  n i t r i c  a c id . The t i n ( iv )  in  th e  
e lu a te  may re a d ily  be determ ined d i r e c t ly  by th e  EDTA back t i t r a t i o n  
which i s  more convenient than  the  s tandard  iodom etrio  method in  which
th e  n i t r i c  a c id  would have to  be removed and th e  t i n ( i v )  reduced to  th e  
t i n ( l l )  p r io r  to  the  t i t r a t i o n .  The in te r f e r in g  elem ent in  a
bydrocKLoric a c id  e lu a te  may g e n e ra lly  be estim ated  q u a n ti ta t iv e ly  
d i r e c t ly  by a s u ita b le  EDTA. t i t r a t i o n  or an o th er volum etric  method# A 
few in te re s t in g  examples may be cited#
(a ) S eparation  of antimony and t i n . A part from th e  com plicated 
d i s t i l l a t i o n  method (see  P a r t  l ) ,  Clark* s method [123] i s  a  recommended 
a l t e r a t io n  f o r  th e  sep ara tio n  of antimony fa?om tin #  The method depends
on th e  f a c t  th a t  antimony i s  p re c ip i ta te d  from a so lu tio n  co n ta in in g  o x a lic  
a c id  w h ils t t i n ( l 7 )  i s  not# A fte r  f i l t r a t i o n ,  antimony i s  then converted 
to  sulphide and weighed q u a n ti ta t iv e ly  and the tin(XV) rem aining in  the 
so lu tio n  i s  determ ined by the  iodom etrio method# O bviously, o x a lic  a c id  
must be removed in  bo th  cases s ince i t  causes incom plete p r e c ip i ta t io n  of 
antimony su lph ide and in te r f e r e s  in  the iodom etrio t i t r a t i o n  of the  tin #  
Furtherm ore, i f  one used th i s  method to  sep ara te  t i n ( l ? )  from antimony and 
then  a p p lie d  th e  EDTA t i t r a t i o n  method f o r  the  determ ination  of t i n ( l 7 ) ,  
o x a lic  a c id  must have been removed since i t  a lso  re a c ts  w ith  thorium(XV) 
which i s  used f o r  the  back t i t r a n t*  In  conclusion , th i s  method of 
sep a ra tio n  i s  more time-consuming than  the  anion^exchange technique s ince 
i t  invo lves many s tep s  befo re  the  a c tu a l commencement of the  a c tu a l  
determ ination  of e i th e r  antimony o r tin#
(b) S epara tion  of t i n  and copper. In  the  a n a ly s is  of an a l lo y  
of t i n  and copper, the  a llo y  i s  norm ally d isso lv ed  in  co ncen tra ted  
hydroch loric  a c id  by the  a id  of th e  ad d itio n  of potassium  c h lo ra te  [ 27 j#
A la rg e  excess of ammonium t a r t r a t e  i s  added and the  so lu tio n  made a lk a lin e  
w ith  ammonia. Copper i s  then  p re c ip i ta te d  as the  su lphide by th e  a d d itio n  ij!
of hydrogen su lphide u n t i l  no more p re c ip i ta te  i s  formed. T a r tra te  i s  11
used to  mask t in ( l \ r )  from th e  re a c tio n  w ith  sulphide* For the subsequent ;!
determ ination  of copper, the su lphide p r e c ip i ta te  must be d isso lv ed  in to  N
1 !■
so lu tio n  and determ ined copper io d o m e trica lly . The disadvantage i s  th a t  jj:.
su lphide must be removed com pletely otherw ise i t  in te r f e r e s  in  th e  iodom etrio ij!
t i t r a t i o n .  For the  determ ination  of t i n ,  t a r t r a t e  i s  s t i l l  a problem b o th  
in  the  iodom etrio and the  EDTA t i t r a t i o n  methods. To avoid  th ese  problems ; I
th e  anion exchange technique of sep a ra tio n  which i s  described  in  th is  work 
i s  recommended f o r  th e  sep ara tio n  of t i n  and copper. A fte r  e lu t io n ,  b o th ' 
copper and t i n  may be determ ined by an EDTA t i t r a t i o n  w ithout d i f f i c u l t i e s  
[see PART I I I ] .
(c )  S epara tion  of t i n  and le a d . For the  a n a ly s is  of an a l lo y  of 
t i n  and le a d , i t  i s  u su a lly  p re fe ra b le  to  make the e s tim a tio n ' on d i f f e r e n t  
samples of the  a l lo y .  Lead i s  sep a ra ted  from t i n  as  le a d  su lphate  b u t 
t h i s  method may s u f fe r  from the  disadvantage of incom plete p r e c ip i ta t io n .
Lead may a lso  be sep ara ted  from t i n  by p assin g  hydrogen sulphide in to  an 
a lk a l in e  so lu tio n  of ammonium hydroxide. This method again  su ffe rs  from 
th e  p o s s ib i l i ty  of o o p re c ip ita tio n  and occ lusion . The anion exchange 
technique in  hydroch loric  a c id  which i s  described  in  th i s  work enab les a 
sep a ra tio n  of t i n  and le a d  from a s in g le  sample to  be achieved. Lead 
may be e lu te d  w ith  e i th e r  2 M. o r 8 M. hydrochloric a c id  and a f t e r  e lu t io n ,
le a d  i s  estim ated  by an EDTA t i t r a t i o n  d i r e c t ly ,  w h ils t  t i n  may be 
removed and es tim ated  in  the manner a lread y  o u tlin e d .
(d) S epara tion  of t i n  and i ro n . Tin i s  sep ara ted  from iro n  by 
p r e c ip i ta t io n  as the su lph ide , from hydroch loric  a c id  solut5.on (2.4- ml. 
o f hydroch loric  a c id  p e r 100 m l.) .  In  th i s  method the  amount of 
hydroch loric  a c id  must be c lo se ly  c o n tro lle d  otherw ise incom plete 
p r e c ip i ta t io n  occurs. In  the  de term ination  of b o th  t i n  and i ro n ,  
su lphide must f i r s t  be removed* The anion exchange sep ara tio n  in  
hydroch loric  a c id  media of these  two elem ents a f fo rd s  a simple procedure. 
I r o n ( m )  i s  e lu te d  w ith  2 M. hydroch lo ric  a c id  and a f t e r  e lu tio n  
i r o n ( l l l )  i s  estim ated  d i r e c t ly  by EDTA t i t r a t i o n  method w h ils t  t i n
may be removed and es tim ated  in  the  manner a lread y  o u tlin e d .
(e )  S eparation  of t i n  and o th e r m e ta ls . By th e  use of anion 
exchange sep ara tio n  technique which i s  d escrib ed  in  t h i s  work, t i n  can
be r e a d ily  sep ara ted  from i r o n ( m ) ,  n i c k e l ( u ) ,  c o b a l t ( l l ) ,  m an g an ese(n ), 
aluminium, an tinony(V ), a rs e n io (v ) , c o p p e r ( l l ) ,  le a d ,  zinc and bism uth 
by e lu t in g  w ith  2 M. and 10 M. hydroch loric  a c id  which method appears 
to  be sim pler and more r e l ia b le  than th e  p re c ip i ta t io n  methods g en e ra lly  
used [27  ] .
Furtherm ore, by th e  use of th e  anion exchange technique in  
hydroch loric  a c id ,  t i n  and th e  in te r f e r in g  elem ents may be sep ara ted  
and each determ ined. F u rth e r  sep a ra tio n s  may be necessary  befo re  the  
a c tu a l a n a ly t ic a l  de term ina tion  and th ese  nay be achieved by the  use of
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e i th e r  stepw ise o r g rad ien t e lu t io n .  The work of Kraus and Nelson
[ 105] i s  o f considerab le  value in  making the choice o f co n d itio n  to  
achieve a complete sep a ra tio n  in  each case . An example i s  provided by 
th e  sep a ra tio n  of t i n ( i v ) ,  i r o n ( l l l )  and aluminium. By using  an anion j
exchange column, aluminium may be e lu te d  w ith  8 M. hydroch lo ric  ac id , 
i r o n ( l l l )  may be e lu ted  w ith 2 M. hydroch lo ric  ac id  and t in ( iv )  w ith  j
3 M. n i t r i c  a c id . The amount of aluminium, i r o n ( l l l )  and t in ( iv )  in  each j
e lu a te  may be determ ined d i r e c t ly  by s u ita b le  EDTA t i t r a t i o n s .  The use o f j f
!■
o th e r e lu an ts  besides hydroch lo ric  ac id  may be necessary  in  c e r ta in  cases |l 
(see  e .g . Table 5> p . 3 2 ), However, some e lu an ts  may pose considerab ly  j
[r
g re a te r  a n a ly t ic a l  problems than those encountered w ith  hydroch lo ric  and I
I
n i t r i c  a c id s . A second example i s  provided by the  se p a ra tio n  o f t i n ( i v ) ,  |
j i j
n i c k e l ( l l ) ,  c o b a l t ( l l )  and i r o n ( l l l ) .  Using a D e-A cidite FF anion f
exchange column, n i c k e l ( l l ) ,  c o b a l t ( l l )  and i r o n ( l l l )  a re  e lu te d  from th e  
r e s in  by g ra d ien t e lu tio n  w ith  a decreasing  co n cen tra tio n  of hydroch lo ric  
ac id  [ 124] ,  w h ils t t in ( iv )  w i l l  be re ta in e d  in  th e  r e s in .  T in (iv ) may ij 
then  be e lu te d  w ith  3 M. n i t r i c  ac id  and determ ined by EDTA t i t r a t i o n .
The n i c k e l ( l l ) ,  c o b a l t ( l l )  and i r o n ( l l l )  in  each f ra c t io n  may a lso  be |
determ ined by EDTA t i t r a t i o n  methods a f t e r  s u ita b le  p re p a ra tio n  of the 
sample.
In  conclusion , the  scope o f th i s  technique of sep a ra tio n  of t i n  
from v ario u s  elem ents i s  con sid e rab le  and usin g  the  EDTA t i t r a t i o n  methods { 
developed during the course o f th i s  p re se n t work, a comprehensive scheme
j j
fo r  th e  sep a ra tio n  and d e term ina tion  of most m ixtures of t i n  w ith  one or 
more elem ents may be employed. |!
I
! iI
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